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The chemistry of steroids became a matter of pararr.jjn; 
interest in recent past because of their immense use in rvjj.rch 
and industry owing to their broad spectrum of biological pr.j.sor-
ties. In this thesis the syntheses of some important het-'-o-
steroids are described. The products obtained are characco.riz*su 
on the basis of spectral studies and chemical transfornu.:,ionG. 
The results are summarized as below: 
CHAPTER - C^ -^. 
A. REACTION OF STEROIDAL EPOXIDES WITH BF3:ETHERATE 
A number of papers dealing with the BF^-ether-.ti cataly-
sed rearrangements of steroidal epoxides have been repctoa In 
literature. Simplicity in carrying out the reaction at joient 
temperature and formation of noble backbone and westphaiei: 
rearranged products prompted us to study the reaction (.f iteroical 
epoxides (I-IV) in cholestane and stigmastane series with 3F^-
etherate^* . 
The reaction of 3^-chloro-5,6a-epoxy-5a-cholestan.. (l) 
3p-chloro-5,6a-epoxy-5a-stigiTiasbane (II), its 3p-hydroxy (III) 
and 3p-acetoxy (IV) analogues with BF^-etherate in benzene furni-
shed ketones (V-VIII), backbone rearranged products (IX-XIl), 
^Reaction of steroidal epoxides with BF^-etherate, 
Ind. J. Chem., 28B, 973 (1989). "^  
Reaction of 5,6a-epoxy-5a-cholestane and 5,6ct-epoxy-5a-8tigma-~ 
stane with BF^-etherate. 
Acta. Chimica Hunqarica 127(1). 83 (1990). 
: i i : 
westphalen rearranged products (XIII-XVI) and f iuorohydrins 
(XVII-XX). 
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B. REACTION OF STEROIDAL EPOXIDES WITH THIOGLYCOLIC ACID : 
In continuation to our previous studies on the reactions 
of steroidal epoxides, we carried out the reaction of steroidal 
epoxides (I, XXI-XXIIl) with thioglycolic acid which provided 
steroidal hydroxyf ormates (XXIV-XXVIl) and diols (.XXVIII-XXXI)^. 
The structures of these compounds were established on the basis 
of spectral evidences, X-ray analysis and comparison with 
authentic samples in known cases. 
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'Reaction of steroidal epoxides with thioglycolic acid, 
Ind. J. Chem, (in press). 
: IV : 
CHAPTER - TWO 
A. SYNTHESES OF 4-EN-3-ONE STEROIDS : 
In view of the synthetic utility of 4-en-3-one steroids 
and several steps involvement in their synthesis, we describe 
here in a more convenient and single step synthesis of the said 
compounds in quantitative yields. This method involves the 
reaction of pyridinium dichromate with cholesterol (XXXIl), 
^-sitosterol (XXXIIl) and stigmasterol (XXXIV) affording cholest-
4-en-3-one (XXXV), stigmast-4-en-3-one (XXXVI) and stigmast-4,22-
dien-3-one (XXXVII) respectively in quantitative yields. The 
novelty of this reaction lies in its simplicity and one step clean 
process. 
R 
(XXXII) 
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(XXXIV) 
^8^17 
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^10^ 19 
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: V : 
B. SYNTHESIS OF STEROIDAL TETRAZOLES : 
Interest in the industrial and biological potentialities 
of steroidal tetrazoles has resulted in the development of 
various synthetic procedures for the introduction of tetrazole 
moiety in the steroidal nucleus. By considering the extensive 
applications of steroidal tetrazoles, an attempt has been made 
to synthesize fused steroidal tetrazoles and bromosteroidal 
tetrazoles. 4-En-3-one steroids (XXXV-XXXVIl) on treatment v<ith 
an excess of hydrazoic acid in the presence of BF^-etherate (as 
catalyst) furnished 3-aza-A-homo-cholest—4a-enoL3,4-d]tetrazole 
(XXXVIIi;, 3-aza~A-homo-stigmast-4a-eno[3,4-d]tetrazole (XXXIX) 
and 3-aza-A-homo-stigmast-4,22-dien-4a-eno[3,4-dJtetrazole (XL). 
b-Bromo-5a-cholest-6p(l')-5'-phenyl tetrazole (XLVIl), its 
3p-substituted analogues (XLVIII-XLIX) and 5-bromo"5a-stigmast-
6^(1')-5'-phenyltetrazole (L), its 3^-substituted analogues 
(LI-LII) were obtained from their respective steroidal olefins 
(XLI-XLVI) when stirred with bromine, sodium azide in benzo-
nitrile at O C and room temperature (AlCl^ used as catalyst) 
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CHAPTER - THREE 
SYMTHESES OF STEROIDAL-SPIRO-Y-LACTONES 
There have been several recent example of the use ot 
Lanthanoid reagents in organic synthesis. Samirium (II) 
di-iodide, a strong electron transfer reagent is particularly 
useful for carbon-carbon bond formation. Recently it has 
attracted the attention of chemists for the synthesis of a 
wide variety of compounds containing Y-lactone moiety due to 
its effectiveness for the reductive coupling of ketones or 
aldehydes with electron deficient alkenes such as ethyl acry-
late. Recently, the formation of the Y-lactones have been 
reported from the samirium (II) di-iodide induced reductive 
coupling of a,^-unsaturated esters with carbonyl compounds. 
Alongwith the similar lines syntheses of steroidal r-lactones 
has been taken in this study. 5a-Cholestan-6-one (LIII) and 
its 3p-substituted analogues (LIV-LV) when stirred with ethyl 
acrylate and samirium (II) di-iodide in tetrahydrofuran at mom 
temperature under nitrogen atmosphere afforded -jii-cholestan-6 
(spiro)4-hydroxy-^propanoic acid-y-lactone(LIX) and their 3P-sub-
stituted analogues (LX-LXI) respectively. Under similar 
reaction conditions, 5a-stigmast-6-one (LVl), its 3p-substituued 
analogues (LVII-LVIIl) afforded 5a-stigmastan-6(spiro)^-hydroxy-6S 
-propanoic actd-Y-lactone (LXII) and their respective 
3^-substituted analogues (LXIII-LXIV). 
; viii 
(LIII) 
(LIV) 
(LV) 
(LVI) 
(LVII) 
R 
OH 
C-l 
OAc 
H 
CI 
Echyl aery late 
- THF 
Sm(Il)di-iodide 
> 
(LVIII) OAc 
^8^17 
^10^21 
^10^21 
^i0"21 
(LIX) 
(LX) 
(LXI) 
(LXII) 
(LKIII) 
(DC IV) 
R 
H 
CI 
OAc 
H 
CI 
OAc 
R 
'^8"l7 
^8"l7 
^8^17 
^10"21 
^10"21 
^10^21 
SYNTHESES OF STEROIDAL THIAZOLES : 
CHAPTER - FOUR 
The non steroidal substituted thiazoles have been tound 
to posses important biological and therapeutic properties. 
Different investigators have used different routes to synthesize 
steroidal thiazoles. In the present study an attempt has been 
made to synthesize steroidal thiazoles (LXVIII-LXXIIi; from 
: ix 
easily accessible steroidal hydroxy ketones (LXV-LXVIl) with 
the reaction of thiourea/thioacetamide, in the presence of 
N-bromosuccinamide (N3S) benzoylperoxide. 
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REPRINTS 
Sntrobuttion 
The explosive growth of natural and synthetic chemistry 
in the field of steroids during the present century has been 
the result of concerted efforts of all the leading organic 
chemists. The problem of isolation of the steroid entities 
from natural sources, their great value in modern medicine 
and the interesting pharmacological properties have brought 
about an increasing interest. The synthetic modification of 
naturally occurring steroids, with the hope of improving 
pharmacological essentialities, has resulted in preparation 
and discovery of a number of diverse pharmacologically active, 
potent, highly specific commercially important therapeutic 
agents. The physiological activity of steroidal hornomes 
depends on a number of factors. Among those of primary impor-
tance are stereochemistry and over all shape of the molecule. 
Thus, any really fundamental change (introduction of double 
bond, hydroxyl group, acetate group and ring enlargement and 
contraction etc.) in the steroid nucleus should alter the 
stereochemistry as little as possible. Since these have involved 
the modification of the basic carbon skeleton of the steroid 
nucleus itself, it provided an opportunity to deal with many 
problems of fundamental organic chemistry such as mechanistic 
and stereochemical aspects of transformations. Moreover, 
the deep involvement of modern spectroscopic tools (UV, IR, 
H-^ JMR and mass spectrometry^ in the structural elucidation 
of steroidal compounds is envisaged. 
During the last decade the major efforts of the chemists 
were directed towards modification in the structure of steroids 
in order to enhance their non-hormonal activity and to increase 
the selectivity of certain biologically active compounds. The 
broad spectrum of the biological activity found in these 
compounds and the multiplicity of action displayed by certain 
individual members make them one of the most intriguing class 
of compounds. 
Our laboratory, concerned mainly with the syntheses of 
steroidal compounds and their identification by chemical and 
spectral studies, has reported the preparation of a numoer of 
heterosteroids. In the present work an attempt has been made 
to synthesize some modified steroids of biological importance. 
In some cases abnormal products have also been obtained and 
this has offered scope for some mechanistic and stereochemical 
studies too. 
CD i^}[i5)(l€[r - ©m 
REACTIONS OF 
STEROIDAL EXPOXIDES 
W^toxttitnl 
Epoxide ring opening reactions have been reported at large 
1-4 in the recent past . The epoxide ring is a very sensitive 
and opens generally under mild conditions when it comes in 
5—8 
contact with acids or bases . A number of papers dealing with 
the reactions of epoxides with a variety of reagents have appea-
red where anionic and cationic cleavages of epoxide ring followed 
by some novel rearrangements in certain cases have been reported. 
Among the various rearrangements, the BFo-etherate catalysed 
9-11 
cationic rearrangements of steroids and terpenoids which 
proceed with multicentre shifts of alkyl groups and hydrogen 
atoms are of more interest depending on the nature of either 
complete or partial shifts. The products are known as 'backbone 
rearranged' product or 'westphalen' product. 
12 Collins reported that purified BF-j-etherate reacts with 
4a,5-epoxy-5a-cholestan-3-one ( I ) and 4^-5-epoxy-5p-cholestan-
3-one ( I I ) in benzene afforded 4-hydroxycholest-4-en-3-one 
( I I I ) and A-nor-5|3-cholestan-3-one ( IV ) . 
BF3~etherate 
Benzene 
Reflux1B^5 hrs £c^-ve^ 
OH 
( I ) ( III ) ( IV ) 
CgHj_y • 0 • 
BF^-etherate 
Benzene 23 hrs. 
( III ) + ( IV ) 
( II ) 
13 Eashtham et al. obtained cholest-4-en-3-one-3-ethylene 
dithiol ( V ) on treating 4^,5-epoxy-b^-cholestan-3-one ( II ) 
with 1,2-ethanedithiol in the presence of BFo-etherate and 
acetic acid. 
CgHj_7 
HSUHQCHQSH 
BFo-S the ra t e 
Ac OH 
( I I ) ( V ) 
Reac t ion of 3p-methoxy-9a ,10-epoxide ( VI ) with 
B F ^ - e t h e r a t e i n benzene provided p roduc t s ( VII ) , ( V I I I ) , 
( IX ) . Under s i m i l a r r e a c t i o n c o n d i t i o n s ^ -epox ide ( X ) 
provided conjugated d ienes ( XI ) , ( XII ) and t h e 13-17 
compound ( X I I I ) 14 
MeO 
^8^17 
BF-3-61 her ate 
:2 > 
Benezene, 7 min 
r.t. CH a 
OAc 
( VII ) 
^8^17 
^8^17 
BF-3-etherate 
.^-1 > 
Benzene, 7 m i n , r . t . 
*^8"l7 
( IX ) CgH^^ 
( X ) ( XI ) 
( XII ) ( XI I I ; 
: 4 
15 Kirk et a l . reported t h a t reac t ion of 3p-acetoxy-5, 
6a-epoxY-4,4-dimethylcholestane ( XIV ) with BF^-etherate 
afforded 5^-methyl-19-nor-9(lO)-olefin ( XV ) , 
o le f in C XVI ) and 8(14) o lef in ( XVII ) . 
13,17 
CsHi? 
( XIV ) 
BF3-elherate 
Benzene, 5 min. 
r.t. 
AcO 
^8^17 
^8^17 
Blunt et al. studied the reaction of 5,6cc-epoxy-5a-choles-
tane ( XVIII ) with BF^-etherate in benzene and reported the for-
13(17) 
mation of 5p-cholestan-6-one ( XIX ), 6a-hydroxy- A 
compound ( XX ), cholesta-3,5-diene ( XXI ), 5-formyl-B-nor-5a-
cholestane ( XXII ), and 6a-hydroxy- A^ '^^ ^ olefin ( XXIII ). 
: 5 : 
98^17 
BF3-etherate 
Benzene 
17 
6HO 
( XXI ) ( XXII ) 
Richards et al."^ ' obtained 6p-fluoro-3a-acetoxy-5a-hydroxy 
cholestane ( XXV ), 3a-acetoxy-5a-cholestan-6-one ( XXVI ), 3a-
acetoxy-5P, 14^-diinethyl-6cx-hydroxy-18, i9-bisnor-10a-cholestan-
13(17)-ene ( XXVII ) and ( XXVIII ) by the reaction of 3a-acetoxy-
b,oa-enoyy-5a-cholestane (XXIV) with BF3-etherate in benzene. 
: 6 : 
AcO 
Acer' 
B F o - e t h e r a t e 
Benzene 
H 0 
Accr 
98^17 
( XXVI ) ( XXVII ) ( XXVIII ) 
18 Blunt e t a l . have s t u d i e d t h e r e a c t i o n of 5 , 6a - epoxy -6^ -
m e t h y l - 5 a - c h o l e s t a n e ( XXIX ) , 3 ^ - a c e t o x y - 5 , 6 p - e p o x y - 6 a - m e t h y l -
5p-cholestane ( XXX ) and 5,6^-epoxy-6a-methyl-5^-cholestane 
( XXXI ) with BFo-etherate in benzene. The reaction of ( XXIX ) 
afforded b-methyl-A-homo-B-nor~5^-cholestan-4a-one ( XXXII ). 
Epoxide ( XXX ) gave 3P-acetoxy-5-fluoro-6p-hydroxy-6a-methyl-
5a-cholestane ( XXXIII ), 3p-acetoxy-5-methyl-A-homo-B-nor-5^-
cholestan-4a-one ( XXXIV ) and 3fi-acetoxy-5-methyl-5a-cholestan-
6-one ( XXXV ). The reaction of epoxide ( XXXI ) provided 6-methyl-
cholesta-3,5-diene ( XXXVI ), 5-acetyl-B-nor-5p-cholestane 
( XXXVII ) and 5-methyl-5a-cholestan-6-one ( XXXVIII ). 
: 7 : 
AcO 
BFo-etherate 
Benzene 
( XXIX ) CgH,, 
t f 
t I 
( XXX ) 
-> Ac 
( XXXII ) 
AcO 
rKXJ ' 
0 
( XXXIV ) 
I « 
I t -^ 
( XXXIII ) 
( XXXVI ) 
COCH, 
( XXXVII ; ( XXXVIII ) 
: 8 : 
19 Blunt et al. studied the reaction of 3a-acetoxy-4a, 
S-epoxy-bct-cholestane ( XXXIX ) with BFo-etherate in benzene 
and obtained 3a-acetoxy-5a-cholestan-4-one ( XL ) alongwith 
13(17) 
rearranged product 3ci:-acetoxy-4a-hydroxy- . ^ compound 
( XLI ). 
1^ -8 
B F o - e t h e r a t e 
Benzene AcO 
( XXXIX ) ( XL ) ( XLI ) 
20 Hor t shorn e t a l , showed t h e r e a c t i o n of 4 ^ , 5 - e p o x y - 4 a -
m e t h y l c h o l e s t a n e ( XLII ) wi th B F ^ - e t h e r a t e in benzene and 
obta ined 5 - m e t h y l - 5 a - c h o l e s t a n - 4 - o n e ( XLIII ) and 5 p - a c e t y l -
A - n o r - c h o l e s t a n e ( XLIV ) as t h e p r o d u c t s . 
CgH-|_y 
BF3-etherate ^  
Benzene 2 min. 
( XLII ) ( XLIII ) ( XLIV ) 
: 9 J 
The r e a c t i o n of 4a ,5 -epoxy-4 |3 -methy lcho les tane ( XLV ) 
wi th B F ^ - e t h e r a t e in benzene provided 5-methyl-A-nor-B-homo-
20 5 i3-choles tan-6-one ( XLVI ) 
B F o - e t h e r a t e 
Benzene 
( XLV ) ( XLVI ) 
Coxon e t al.^"*" observed t h e format ion of 5 a - m e t h y l c h o l e s t a n -
3 , 4 - d i o n e ( XLVIII ) and 5 ^ - a c e t y l - A - n o ^ - c h o l e s t a n - 3 - o n e ( XLIX ) 
from 4 ^ , 5 - e p o x y - 4 a - m e t h y l - 5 ^ - c h o l e s t a n - 3 - o n e ( XLVII ) in benzene 
by the t r e a t m e n t of B F ^ - ^ t h e r a t e . 
B F o - e t h e r a t e 
Benzene 10 min, 
( XLVII ) ( XLVIII ) ( XLIX ) 
: 10 : 
The fo rmat ion of 5 a - a c e t y l - A - n o r - c h o l e s t a n - 3 - o n e ( LI ) , 
4 - m e t h y l c h o l e s t a - 4 , 6 - d i e n - 3 - o n e ( LII ) , 5 - m e t h y l - 5 p - c h o i e s t a n e -
3 ,4 -d ione ( L I I I ) and enol a c e t a t e of 5 - m e t h y l - 5 ^ - c h o l e s t a n e - 3 , 
4 -d ione ( LIV ) from 4 a , 5 - e p o x y - 4 ^ - m e t h y l c h o l e s t a n - 3 - o n e ( L ) in 
benzene by t h e t r e a t m e n t of BFo-e the ra t e were a l s o r e p o r t e d 21 
( L ) 
B F o - e t h e r a t e 
Benzene V ' k ^ •" 6^^-^f^-^ 
0 COCH. 
( LI ) 
o\^ AcO 
( L I I I ) ( LIV ) 
3 ^ - A c e t o x y - 5 a - f l u o r o - 4 a - m e t h y l c h o l e s t a n - 4 p - o l ( LVI ) , 
3 f i - a c e t o x y - 4 - m e t h y l c h o l e s t - 3 , 5 - d i e n e ( LVII ) , 3 j3-acetoxy-5a-
m e t h y l c h o l e s t a n - 4 - o n e ( LVIII ) and compound ( LIX ) were 
21 
obtained when 3^-acetoxy-4^,5-epoxy-4a-methyl-5^-cholestane 
( LV ) was t r e a t e d with B F ^ - e t h e r a t e in benzene . 
: 11 : 
B F ^ - e t h e r a t e 
Benzene 
( LVI ; ( LVII ) 
OHC 
( LVII I ) 
The r e a c t i o n of 3 ^ - a c e t o x y - 4 a , 5 - e p o x y - 4 p - m e t h y l - 5 a - c h o l e s -
t a n e ( LX ) w i t h B F ^ - e t h e r a t e i n benzene p r o v i d e d 3 ^ - a c e t o x y - 5 -
m e t h y l - 5 ^ - c h o l e s t a n - 4 - o n e ( LXI ) , 3 p - a c e t o x y - 5 - m e t h y l - A - n o r - B -
h o m o - 5 ^ - c h o l e s t a n - 6 - o n e ( LXII ) and 3 p - a c e t o x y - 4 a - m e t h y l -
c h o l e s t a n e - 4 ^ , 5 a - d i o l ( LXII I ) 2 1 
CgHj_7 
B F 3 - e t h e r a t e 
Benzene 
AcO 
( LXII ) C LXII I ) 
: 12 : 
3a -Ace toxy-5a -me thy lcho le s t an -4 -one ( LXV ) , 3 a - a c e t o x y -
4 a - m e t h y l c h o l e s t - 5 - e n - 4 ^ - o l ( LXVI ) and ( LXVII ) were ob ta ined 
from 3 a - a c e t o x y - 4 p , 5 - e p o x y - 4 a - m e t h y l - 5 ^ - c h o l e s t a n ( LXIV ) in 
benzene by t h e t r e a t m e n t of B F - - e t h e r a t e 21 
Acd 
^8^17 
( LXIV ) 
BF3-ebhera te 
Benzene 
( LXV ) 
H O ^ \ 6 H 
( LXVII ; 
3^-Acetoxy-5a-cholestane-4f3,5-diol ( LXXI ) , 3a-acetoxy-
5a-choles tane-4p-5-dio l ( LXXII ) and 3^-acetoxy-5a-f luoro-
choles tane-4^-ol ( LXXIII ) were obtained from t h e i r respec t ive 
epoxides ( LXVIII-LXX ) when t r ea t ed with BF^-etherate in benzme 
under d i f fe ren t reac t ion condi t ions 22 
: 13 : 
BF-,-etherate 
Benzene 10 min. AcO 
/N.. 
AcO 
( LXVIII ) 
CgH-|_7 
C u c i x ) C3H,, 
B F ^ - e t h e r a t e 
— J ^ 
Benzene, 1 h r , 
r . t . 
BFo- e t h e r a t e £ > 
Benzene, 5 min. 
20°C AcO 
( LXXI ) 
Actf T 6 H 
HO 
( LXXII ) 
( DOC ) 
23 
( Lxxiii ; 
Coxon et a l . reported t h a t the reac t ion of 5a,6-epoxy-
6f3-phenyl-5a-cholestane ( LXXIV ) with BF^-etherate in benzene 
provided A-homo-B-nor-5|3-phenylcholestan-4a-one ( LXXV ) . When 
same reac t ion kept at 20 C for one hour gave the 6^-phenyl-5-
ketone ( LXXVI ) . 
: 14 : 
( LXXIV ) 
B F g - e t h e r a t e 
Benzene, 20°C 
10 S e c . 
B F q - e t h e r a t e 
— J ^ _ ^ 
Benzene 20 C 
1 h r . 
( LXXVII) 
The fo rmat ion of the 6P-pheny l -5 -ke tone ( LXXVI ) from 
t h e A-homo-B-nor-4a-ketone ( LXXV ) may be r a t i o n a l i z e d as shown 
in t h e Scheme-1. 
a?' 
Ph 
( LXXVI ) 
( LXXV ) 
: 15 : 
24 Bowers et al. reported the isolation of a 3-ketal-6P-
fluoro-5a-hydroxy compound ( LXXVIII ) by the treatment of 
3-ketal-5a,6-epoxidG ( LXXVII ) with BFo-etherate in benzene-
ether (1:1) solution. 
^8^17 
BF - e t h e r a t e 
^ > 
BenzenetEther 
C l : l ) 
( LXXVII ) ( LXXVIII ) 
Reac t ion of 3 p - a c e t o x y - l l a , 1 2 - e p o x y - 1 2 ^ - p h e n y l t i g o g e n i n 
( LXXIX ) wi th BF^-e the ra t e i n benzene provided I2p-methyl-12a-
p h e n y l - A^*^^''•"'• ^  d i ene ( LXXX ) , l l a - h y d r o x y - 1 2 p - m e t h y l - 1 2 a -
pheny l - 13(14) ^^^^^^ ^ LXXXI ) and aldehyde ( LXXXII ) ^ ^ . 
( LXXIX ; 
B F ^ - e t h e r a t e 
Benzene 
AcO 
( LXXX ) 
( LXXXII ) 
( LXXXI ) 
The rearrangement of the 12p-phenyl-lla,12-epoxide ( LXXIX ) 
is notable for the fact that the identified products arise by-
mechanistic paths involving initially the migration of the 13^-
methyl group to C,^ to form carbonium ion. Loss of the 14a-H 
from carbonium ion gives the hydroxy olefin ( LXXXI ) while a 
series of hydride shifts followed by Hy loss and dehydration yields 
the diene ( LXXX ), the unsaturated aldehyde ( LXXXII ) arises by 
fragmentation of carbonium ion, which is shown in Scheme-2. 
^ ( LXXXII ) 
Reaction of 3^-acetoxy-5,6a-epoxy-5a-cholestane ( LXVIII ) 
and 3,3-ethylenedioxy-5,6^-epoxy-5p-cholestane ( LXXXIII ) with 
BFo~etherate in benzene afforded unsymmetrical d i s t e r o i d a i ether 
( LXXXIV ) and rearranged product ( LXXXV ) r e spec t ive ly 
BF^-etherate 
Benzene 
CgH^y 
B F - e t h e r a t e 
Benzene 
( LXXXV ) 
27 Wicha s t u d i e d t h e r e a c t i o n of d iepox ide ( LXXXVI ) wi th 
B F g - e t h e r a t e i n benzene fo r 10 min. a t ambient t e m p e r a t u r e and 
obta ined compound ( LXXXVII ) . 
: 18 : 
^8^17 
— ^ ^ 
Benzene, 10 min, 
( LXXXVI ) ( LXXXVII ) 
C a t t e l et a l . ^ ^ ob ta ined 1 3 ( 1 7 ) - b a c c h a r e n - 3 p - o l ( LXXXIX ) 
by the r e a c t i o n of 3^ ,4p-epoxy-sh inonane ( LXXXVIII ) with 
BFo-e the ra t e in MeNO . 
' ^ 6 " l 3 
BF3-etherate 
MeNOo 
C LXXXVIII ) C LXXXIX ; 
D ihydrobacchar i sox ide ( LXXXIX ) , D : C - f r i e d o - b a c c h a r - 7 - e n -
3 § - o l ( XC ) , 4 a - f l u o r o s h i o n a n - 3 p - o l ( XCI ) , D : B - f r i e d o - b a c c h a -
5 -en -3p -o l ( XCII ) and D : B - f r i e d o - b a c c h a r - 5 , 1 0 - e n - 3 p - o l ( XCIII ) 
were obtained*^^ when 3j3,4-epoxy-shionane ( LXXXVIII ) was 
t r e a t e d wi th B F ^ - e t h e r a t e in e t h e r a t -30 C. 
: 19 : 
" C6Hi3 
BFo-^therate 3 ^ 
Benzene 
/N-. />.. 
( LXXXVIII ) ( Lxxxix ; ( xc ) 
C xci ) ( XCII ) ( XCIII ) 
Bacchar-12-en-3p-ol ( XCIV ) and D:C-friedo-bacchar-8-en-
OQ 
3^-ol ( XCV ) were obtained^"^ when 3p,4-epoxyshionane ( LXXXVIII ) 
was treated with BF^-etherate in benzene, toluene, cyclohexane 
or in hexane at -5 C or at room temperature ', 
( LXXXVIII ) 
B F ^ - e t h e r a t e 
Benzene, 
- 5 ° C . 
( XCV ) 
: 20 : 
30 Takahashi e t a l . r e p o r t e d t h a t r e a c t i o n of 3j3,4-epoxy-
f r i e d e l a n e ( XCVI ) with B F 3 - e t h e r a t e in e t h e r a t -10°C af forded 
dendropanoxide ( XCVII ) , 4 a - f l u o r o f r i e d e l a n - 3 ^ - o l ( XCVIII ) , 
D : B - f r i e d o - o l e a n - 5 ( l O ) - e n - 3 p - o l ( XCIX ) , p-amyrin ( C ) and 
D :B- f r i edo -o l ean -5 -en -3 |3 -o l ( CI ) . 
( XCIX ) ( CI ) 
21 ; 
31 B a c c h a r - 1 2 - e n - 3 a - o l ( C I I I ) was ob ta ined when 3a,4-epoxy 
shionane ( CII ) was t r e a t e d wi th B F ^ - e t h e r a t e in benzene at 
room t e m p e r a t u r e . 
BF„-etherate 
_J2 _ ^ 
Benzene, r . t . 
HO-
( CII ) ( CIII ) 
Reac t ion of 3a ,4 and 3p ,4 -epoxy-D:A-f r iedo-18p ,19aH-
lupanes ( CIV ) wi th B F ^ - e t h e r a t e in benzene, THF or Et20 a t 
room t empera tu re afforded migra ted lupane d e r i v a t i v e s . D:B-
f r i e d o - 1 8 ^ , 1 9 a - H , l u p - 1 2 - e n - 3 - o l s ( CV) - 1 8 - e n - 3 - o l s ( CVI ) and 
1 9 - e n - 3 - o l s ( CVII ) 32 
CHMe. CHMe, 
BF3-;etherate 
Benzene or Ether 
or THF 
( CIV ) ( CV ) 
: 22 : 
CHMe2 CHMe, 
HCK 
( CVII ) ( CVI ) 
33 Berli et al. reported that the reaction of A*-neogammacer-
17(2l)-en-oxide ( CVIII ) with BF^-etherate in chloroform afforded 
28-nor-21a-inethyl-12,17-diene ( CIX ) and 22,29,30-tris-nor-17a-
isopropyl-21-one ( CX ). 
( CVIII ) 
CHMe, 
B F ^ - e t h e r a t e 
CHClo 
+ ( CIX ) 
rHMe, 
tHUe 
( CX ) 
: 23 : 
The reaction of b,6a-epoxy-5a-cholestane ( CXI-a ), its 
3^-chloro C CXI-b ) and 3^-acetoxy analogues (cxi-c) ..i.th 
acrylonitrile (BF2~etherate as catalyst) provided 5,6^-dihydroxy-
5a-cholestane ( CXII-a ), its 3^-chloro ( CXII-b ) and 3^-acetoxy 
analogue ( CXIII-c ) and 5-hydroxy-6p-acrylamido-5a-cholestdne 
( CXIV-a }, its 3^-chloro ( CXIV-b ) and 3p-acetoxy analogues 
( CXIV-c )^'^. 
( CXI-a ) 
( CXI-b ) 
( LXVIII ) 
H 
CI 
OAc 
CH2=CH-CN 
BF^-etherate 
( CXII-a ) 
( CXII-b ) 
( CXII-c ) 
X __ 
H ( CXIII-a ) H 
CI ( CXIII-b ) CI 
OAc ( CXIII-c ) OAc 
6-Nitrocholest-5(6)-ene (4a,3a-d)-2'-vinyl-2-oxazoline 
( CXV ) and 3a-hydroxy-4f3-acrylamido-6-nitrocholest-b(6)-ene 
( CXVI ) were obtained when 3a,4a-epoxy-6-nitrocholest-5(6)-
ene ( CXIV ) was treated with acrylonitrile in the presence of 
BF^-etherate. 
: 24 : 
F" 
^ CH2=CH-CN 
B F 3 - e t h e r a t e "^  
r ^ 
•\J 
CH=CH 
KY\ U J T H<5 
CH=CH 
( CXIV ) ( cxv ) ( CXVI ) 
R e a c t i o n of 3 p - a c e t o x y - 5 , 6 c c - e p o x y - 5 a - c h o l e s t a n e ( LXVIII ) 
and 3 ^ - c h l o r o - 5 , 6 a - e p o x y - 5 a - c h o l e s t a n e ( CXI-b ) w i t h n i t r o s y l -
c h l o r i d e g a s p r o v i d e d t h e r e s p e c t i v e i s o m e r i c c h l o r o h y d r i n s 
( CXVII-CXX ) and d i o l s ( CXXI-CXXII ) . However 3 a , 4 - e p o x y - 6 -
n i t r o c h o l e s t - 5 ( 6 ) - e n e ( CXI-a ) on s i m i l a r t r e a t m e n t w i t h NOCl 
a f f o r d e d 3 a - c h l o r o - 4 p - n i t r a t o - 6 - n i t r o c h o l e s t - 5 ( 6 ) - e n e ( CXXIV ) 36 
^s'^i? 
CgHj_7 
CCXVII) 
(CXVIII) CI 
(CXIX) 
(CIXX) 
NOCl 
cr 
HO (in ^ 
(CXIIC) OAc 
/>s^^(CXIIb) CI 
fCXTV ) ( CXXI ) 
: 25 : 
Oxazolidinone ( CXXVI ) and trans-dihydroxy compound 
37 ( CXXVII ) were obtained when 3a,4a-epoxy-6-nitrocholest-5-ene 
( CXXV ) was treated with phenylisocyanate (AlCl^ used as catalyst) 
( CXIV ) 
^8^17 
HO' 
( CXXII ) 
/X-
( CXXIII ) 
Reaction of 5,6Q:-oxido-5a-cholestane ( CXI-a) and its 3p-
substituted analogues ( CXI-b, LXVIII ) with lead (IV) acetate 
provided hydroxy acetates ( CXXVIII-CXXX ) and diacetates 
( CXXXI-CXXXII ) 
(CXIa) 
(CXIb) 
(LKVIII) 
38 
CQHJ_7 
X 
H 
CI 
OAc 
LeadCIV)acetate 
^ 
(CXXIV) 
(CXXV) 
Ac6 OAc 
^ X 
H (CXXVII) H 
CI (CXXVIII) CI 
AcO OH 
( CXXVI ) 
: 26 : 
The r e a c t i o n of 3^-ace toxy-5 ,6a : -epoxy--5a-choles tane 
( UCVIII ) w i th a l l y l i s o t h i o c y a n a t e (AlCl^ used as c a t a l y s t ) 
provided 3^ -ace toxy - -5a -hydroxycho le5 t an -6p - i so th iocyana t e 
( CXXXIV ) and 3 ^ - a c e t o x y - 5 p - c h o l e s t a n o [ 5 , 6 a - d ] o x a z o l i d i n - 2 ' -
t h i o n e ( CXXXVII ) . Under s i m i l a r r e a c t i o n c o n d i t i o n s epoxides 
( CXI-a, CXI-b ) afforded b a - h y d r o x y i s o t h i o c y a n a t e s ( CXXXV -
CXXXVI ) and o x a z o l i d i n - 2 ' - t h i o n e s ( CXXXVIII-CXXXIX ) whi le 
t h e epoxide ( C ) provided ( CXL ) and ( CXLI ) as p roduc ts 
CHg^CH-CHgCN 
(LXVIII) 
(CXI-b) 
(CXI-a) 
(CXXIX) 
X 
OAc 
CI 
H 
Oh 
X 
(CXXXIV) 
(CXXXV) 
(CXXXVI) 
OAc 
CI 
H 
(CXXXVII) OAc 
(CXXXVIII) CI 
(CXXXIX) H 
(CXL) OH 
( CXLI ) 
: 27 : 
Reactions of s t e r o i d a l epoxides such as 5,6a-epoxy-5a-
cholestane ( CXI-a ) , i t s S^-chloro ( CXI-b ) and S^-dcetoxy 
( LXVIII ) analogues with urea in dimethylformamide afforded 
6^-amino-5a-cholestan-5-ol ( CXLII-CXLIV ) , 6p-amino-N-formyl-
5a-choles tan-5-o l ( CXLV-CXLVII ) and 6^-amino-N-amido-5a-
cho les tan-5-o l ( CXLVIII-CL ) alongwith the 5ct-cholestane-^, 6; 
d io l ( CXIIa-CXIIc ) . In addi t ion to these compound? • 3p-
acetoxy ( LXVIII ) analogue a l so afforded the N-carboxyl 
de r iva t ive ( CLI ) 
NHCHO 
(CXI-a) 
(CXI-b) 
(LXVIII) 
R 
H 
CI 
OAc 
(CXLII) 
(CXLIII) 
(CXLIV) 
R 
H 
CI 
OAc 
(CXLV) 
(CXLVI) 
(CXLVII) 
H 
CI 
OAc 
CONH. HO NHCOa 
( CXLVIII ) 
( CXLIX ) 
( CLI ) 
E 
H 
CI 
OAc 
( CXII-a ) H 
( CXII-b ) CI 
( CXII-c ) OAc 
( CLI ) 
M^mi^ion 
Reaction of s t e r o i d a l epoxides with BF^-etherate 
A number of papers deal ing with the BF^-etherate catalysed 
rearrangements of s t e ro ida l epoxides have been reported in the 
l i t e r a t u r e . Simpl ic i ty in carrying out the reac t ion at cimbipnt 
temperature and formation of noble backbone and westphalen r e -
arranged products prompted us to study the r eac t ion of s t e r o i d a l 
epoxides ( CXIa-CXLVII ) in cholestane and stigmastane se r i e s with 
BF--e thera te . 
The r eac t ion of 3p-chloro-5,6a-epoxy-5a-cholestane ( CXI-b ) 
3^-chloro-5,6a-epoxy-5a-st igmastane ( CXLV ) , i t s 3|3-hydroxy 
( CXLVI ) and S^-acetoxy ( CXLVII ) analogues with BF3-etherate 
in benzene furnished ketones ( CXLVIII-CLI ) , backbone rearranged 
products ( CLII-CLV ) , westphalen rearranged products ( CLVI-CLIX ) 
and f luorohydrins ( CLX-CLXIII ) r e s p e c t i v e l y . 
R' R' 
BF3-etherate 
Benzene, 
20°C, 7 m i n . 
R R' 
(CXI-b) CI 
(CXLV) CI 
(CXLVI) OH 
(CXLVII) OAc 
^8^17 
•^10^21 
^ lo '^21 
^ 1 0 ^ 2 1 
(CXLVIII) 
(CXLIX) 
(CXL) 
(CLI) 
CI 
CI 
OH 
OAc 
S"l7 
"^  10^21 
'^ 10^21 
^10^21 
: A9 : 
(CLII) 
(CLIII) 
(CLIV) 
(CLV) 
R 
CI CQHJ^7 
CI C^QH2;L 
OH C.^H^i 
OAc C^QH2I 
(CLVI) 
(CLVII) 
(CLV II I) 
(CLIX) 
R R' 
CI CgH^^ (CLX) 
CI CJ^QH2J^ (CLXI) 
OH CJ^QH2JL (CLXII) 
R 
Cl 
Cl 
OH 
OAc CJ^QH2J^ (CLXIII) OAC 
R 
^8^17 
^10^21 
^10^21 
^10"21 
Reaction of 3g-chloro--5.6a-epoxv-5a--cholestane ( CXI-b ) with 
BF^-etherate in benzene : 
3^-Chloro-5,6a-epoxy-5a-cholestane ( CXI-b ) in benzene was 
treated with BFo-etherate and was kept at 20° for 7 min. After 
completion of the reaction, the reaction mixture was poured into 
NaHCOg solution (5%). The mixture was diluted with ether and 
washed with water. The ethereal solution was dried over anhydrous 
sodium sulphate. Evaporation of the solvent left an oil which on 
column chromatography over silica gel provided two solids, m.p.s 
128-129°C, 118°C and two oily products. 
: 30 : 
CgH3_7 
BF -etherate 
— b 
Benzene, 
7 min, 20°C 
( CXI-b ) ( CXLVIII ) 
98^17 
Characterization of the compound, m«p« 128-129 C as 3g-chloro-5a-
cholestan-6-one ( CXLVIII ) 
The compound ( CLII ) m.p. 128-129 C analysed for 
C^ yH.p-ClO (positive Beilstein test) and was found identical (m.p., 
m.m.p., T.L.C., IR and H-NMR) with authentic sample of 3p-chloro-
41 o 
5a-cholestan-6-one (reported , m.p. 128 C). 
Characterization of the compound (oil) as 3g-chloro-5g.14g-
dimethvl-18.19-bisnor-10a-cholest-13(l7)-en-6g-ol ( CLII ) 
The oily compound ( CLII ) (positive Beilstein test) was 
: 31 : 
correctly analysed for C^YH^P^CIO. The IR spectruir, of the 
compound gave bands at 3400 (OH) and at 740 cm" for (C-Cl) 
groups. The H-NMR spectrum of the compound exhibited two 
broad multiplets integrated for one proton each at d 4.51 (Wl/2= 
8Hz, axial) and 3.4 (Wl/2 = 9Hz, equatorial) T"-'-; ••/ere .is Innea to 
C6^-H and C3cc-H respectively. These data confirmed the bj;^ , 10a-
19 42 
configuration of ring A/B * . A singlet appeared at d 2.63 
(exchangeable with deuterium) was assigned to C6Q:-0H and a multi-
plet at d 2.43 for the allylic C20-H was observed"*-^ . The C5,.-CH3 
protons and Cl4p-CH2 protons were observed at d 1.3 sr^d :. 15 as 
singlets, respectively. Other methyl signals were observed at 
d 0.96, 0.85 and 0.82. The absence of H-NMR signal below d 0.8 
suggested that the C/D ring system has been modified, probably 
by the presence of tetrasubstituted double bond resulting in 
19 the shift of C13-CHo resonance to the lower field . These data 
are consistent with the 18-nor-14^-methyl-13(l7)-ene structure 
of the compound. The above discussion confirmed the compound (oil) 
as 3p-chloro-5p,14p-dimethyl~18,19-bisnor-10a-cholest-13(17)-en-
6a-ol ( CLII ). 
Characterization of the compound (oil) as 3g-chloro-5g-methvl-19-
nor-cholest'-9(lO)-en-6a-ol ( CLVI ) 
The oily compound ( CLVI ) (positive Beilstein test) was 
analysed for C2yH.p.C10. The IR spectrum of the compound had 
bands at 3400, (OH) and 740 cm"-*- (C-Cl). In its "'"H-NMR spectrum 
: 32 : 
two broad multiplets exhibited at d 3.53 (Wl/2 = 9Hz, axial) 
and 3.36 (Wl/2 = 8Hz, equatorial) integrating each for one 
proton and were assigned to C6^-H and C3a-H respectively. 
19 42 Therefore A/B ring junction is cis * . A singlet appeared at 
d 2.63 (exchangeable with deuterium) integrating for one proton 
was assigned to C6a--0H. Other signals were observed at o 1.3 
(Cbfi-CH^), 0.70 (CI3-CH3), 0.95 and 0.85. In the light of the 
foregoing discussion, the oily compound ( CLVI ) was regarded as 
3p-chloro-5p-methyl-19-nor-cholest-9(10)-en-6a-ol ( CLVI ). 
Characterization of the compound, m.p. 118° as 3g-chloro-6g-
fluoro-5a-cholestan-5a-ol ( CLX ) 
The compound, m.p, 118 (positive Beilstein test) was 
correctly analysed for C^yH.,ClFO. In the IR spectrum bands at 
3400, 745 cm" indicated the presence of (-0H) and (C-Cl) functions 
respectively. The H-NMR spectrum had a multiplet at d 4.2 (V.'l/2= 
4Hz, equatorial) for C6a-H. The C6a-H appeared as a multiplet 
because of the vicinal coupling of the two C7-H protons and geminal 
coupling of C6-H-F. A broad multiplet at d 3.83 (Wl/2 = 17Hz, 
axial) integrated for one proton as C3a-H indicated that the A/B 
42 
ring junction is trans . The angular and side chain methyl 
protons were observed at d 1.01 (ClO-CH-), 0.66 (CI3-CH2), 0.93, 
0.85 and 0.82. On the basis of above evidences^the compound 
m.p. 118 was characterized as 3f3-chloro-6^-fluoro-5a-cholestan-
5a-ol ( CLX ). 
: 33 : 
Reaction of 3^-chloro-5.6a-epoxy-5a--stiqmastane ( CXLV ) with 
BF-j-etherate in benzene : 
3p-Chloro-5,6cx-epoxy-5a-stigmastane ( CXLV ) in benzene was 
t r ea ted with BF2-etherate and was kept at 20° for 7 min. After 
completion of the reac t ion , the reac t ion mixture was worked up as 
described e a r l i e r . The o i l obtained was chromatographed over 
s i l i c a gel to afford two sol id compounds, m.p.s 78°, 142° and two 
oi ly products . 
C10H2I 
BF^ -'^ therate 
Benzene, 7 min 
o 
20 C 
^10^21 
( CLIII ) ( CLVII ) ( CLXI ) 
: 34 : 
Characterization of the compound. m»p. 78 C as 3tJ-chloro-5a-
stiqmastan-6-one ( CXLIX ) : 
The compound, m.p. 78 was correctly analysed for C^g^^gC^'^ 
(positive Beilstein test). IR spectrum of the compound gave 
bands at 1710 (>C=0), 760 cm""*- (C-Cl). The H-NMR spectrum of 
the compound exhibited a broad multiplet at d 3.85 (Wl/2 = 17Hz, 
42 
axial; and was assigned to C3a-H. Other angular and side chain 
methyl protons were observed at d 1.01 (ClO-CH^), 0.66 (CI3-CH3), 
0.93, 0.85 and 0.82. On the basis of above discussionjthp 
compound, m.p. 78° was characterized as 3p-chloro-5a-sti jmastan-
6-one ( CXLIX ). 
Characterization of the compound (oil) as 3g-chloro-5g.14g-di-
methyl-18.19-bisnor-10a-stiqmast-13(17)-en-6a-ol ( CLIII ) 
The oily compound revealed the analysis corresponding to the 
molecular composition C^gH^^ClO (positive Beilstein test). The 
IR spectrum had bands at 3420 (-0H) and 760 cm" (C-Cl). Its 
H-NMR spectrum exhibited a multiplet at 0 4.37 (Wl/2 = 7Hz, axial) 
and a multiplet at d 3.88 (Wl/2 = 8Hz, equatorial) each integrat-
ing for one proton, were assigned to C6^-H and C3a-H resoectively. 
/ 19 49 
Therefore, ring A/B has 5p,lOa-configuration ' . A sinqlet 
appeared at d 2.65 (exchangeable with deuterium) was assigned for 
C6a-0H and a multiplet at d 2.43 for the allylic C20-H-'-^  was 
observed. The C5P-CH3 and CI4P-CH2 protons were observed at 
: 3b : 
d 1.32, 0,95 respectively. Other methyl signals were observed 
at d 0.96, 0.85 and 0.82. The absence of H-NMR signal below 
19 0 0.8 suggested that the C/D ring system has been modified 
In the light of above discussion^the oily compound may therefore 
be regarded as 3p-chloro-5^, 14|3-dimethyl-18, 19-bisnor-lOa-stig-
mast-13(l7)-en-6a-ol ( CLIII ). 
Characterization of the compound, m.p. 142 C as 3l3-chloro-5iJ-
methvl-10-nor-stiamast-9(lO)-en-6a-ol ( CLVII ) 
The compound, m.p. 142 C showed elemental analysis compati-
ble with molecular formula C^gH^nClO (positive Beilstein test). 
In its IR spectrum bands exhibited at 3410 (-0H), 760 cm""*" (C-Cl), 
In its H-NMR spectrum, two broad multiplets exhibited az d 4.42 
(Wl/2 = 7Hz, axial) and 3.78 (Wl/2 = 8Hz, equatorial) integrating 
each for one proton and were assigned to C6j3-H and C3a-H respecti-
19 42 
vely. Therefore A/B ring junction is cis * . A singlet apoear^ 'o 
at d 2.62 (exchangeable with deuterium) integrating for one proton 
was assigned to C6a-0H. Other signals were observed at o 1.28 
(C5^-CH3), 0.70 (CIS-CH^), 0.95 and 0.85. On the basis of the 
above discussion^the structure for the compound, m.p. 142 was 
confirmed as 3p-chloro-5^-methyl-19-nor-stigmast-9(lO)-en-6a-ol 
( CLVII ). 
Characterization of the compound (oil) as 3g-chloro-6g-fluoro-
5a-stiumast-5-ol ( CLXI ) 
The oily compound was correctly analysed for C^ gHp-p^ ClFO 
: 36 : 
(positive Beilstein test). The IR spectrum of the compound had 
bands at 3420 (OH), 760 (C-Cl), 745 cm"-"" (C-F). In its ^H-NMR 
spectrum a multiplet was observed at d 4,26 (Wl/2 = 4Hz, equa-
torial) integrating for one proton and was assigned to C6Q:-H. A 
multiplet centered at d 3.82 (Wl/2 = 17Hz, axial) was integrated 
for one proton and was assigned to C3a-H. Therefore A/B ring 
42 junction is trans , The hydroxyl proton appeared as a sinolet 
at d 2.58 (exchangeable with deuterium). Other signals were 
observed at d 0.93 (ClO-CH^)* 0.63 (CI3-CH3), 0.83, 0.73 (remain-
ing side chain methyl protons). On the basis of spectral and 
analytical data, the oily compound was characterized as 3^-chloro-
6^-fluoro-5a-stigmast-5-ol ( CLXI ). 
Reaction of 30-hvdroxv-5.6a-epoxy~5g-cholestane ( CXLVI ) with 
BF^-etherate in benzene 
3^-Chloro-5,6a-epoxy-5a-cholestane ( CXLVI ) in benzene was 
treated with BF^-etherate and kept at 20° for 7 min. The 
reaction mixture after usual work up and column chromatography 
over silica gel afforded one solid m.p. 132° and three oily 
products. 
^10^21 
BF3-etherate 
Benzene, 7 
20°C. 
( CXLVI ; ( CL ) 
: 37 : 
C10^21 
( CLIV ) ( CLVIII ) ( CLXII ) 
Characterization of the compound, m.p. 132 C as 3g-hydroxy-5a-
stiamastan-6-one ( CL ) : 
The compound, m.p. 132 C was correctly analysed for 
C^ gHp-j^ O^ . IR spectrum of the compound gave bands at 3420 (-0H), 
1705 cm" (>C=0). The H-NMR spectrum of the compound exhibited 
a multiplet at d 5.01 ('Wl/2 = 17Hz, axial, A/B ring junction 
42 trans) integrating for one proton was assigned to C3a-H. The 
hydroxyl proton was appeared as singlet at d 2.64 (exchangeable 
with deuterium). Other signals observed at d 0.93 (ClO-CH^), 
0.73 (CI3-CH3), 0.83, 0.63 (other methyl protons). On the basis 
of above discussion.the compound, m.p. 132 was characterized as 
3|i-hydroxy-5a-stigmdStan-6-one ( CL ). 
Characterization of the compound (oil) as 3g-hvdroxv-5g. 14i3-
dimethyl-18.19~bisnor-10a-stiamast-13(17)-en-6a-ol ( CLIV ) 
The oily compound ( CLIV ) was correctly analysed for 
: 38 : 
C„gHp-p.O^ . The IR spectrum of the compound had bands at 3410 
cm""*- (-0H). Its H-NMR spectrum exhibited two multiplets at 
d 5.02 (Wl/2 = 8Hz, equatorial) and 4.52 (Wl/2 = 7Hz, axial) 
integrating for one proton and were assigned to C6^-H and C3a-H 
respectively. These data confirmed the 5^,lOa-configuration of 
ring A/B * . A singlet appeared at d 2.65 (exchangeable with 
dueterium) was assigned to C6a-.0H. A multiplet at o 2.43 inte-
15 grating for one proton was assigned to C20-allylic proton 
Other signals were observed at 6 1.12 (C5^-CH3), 0.93 (014^-^3), 
0.88, 0.86 and 0.82 (remaining side chain methyl protons). The 
absence of H-NMR signal below d 0.8 suggested that the C/D ring 
19 
system has been modified . The above discussion confix:ned the 
compound (oil) as 3p-hydroxy-5f3,14p-dimethyl-18,19-bisno^-10a-
stigmast-13(l7)-en-6a-ol ( CLIV ). 
Characterization of the compound (oil) as 3g-hvdroxv-5g-methvl-
19-nor-5tiqmast-9(10)-en-6a-ol ( CLVIII ) 
The oily compound ( CLVIII ) was correctly analysed for 
Cr)gHcQO„. IR spectrum of the compound had band at 3415 cm"" 
(-0H). The H-NMR spectrum of the compound exhibited a multiplet 
at d 5.01 (Wl/2 = 8Hz, equatorial, A/B ring junction cis)''-^ ''^ ^ 
integrating for one proton was assigned to C3a-H. A multiplet 
at d 4.53 (WI/2 = 7Hz, axial) integrating for one proton was 
assigned to C6/:i-H. The hydroxyl proton was appeared as u singlet 
at d 2.45 (exchangeable with deuterium). Other methyl signals 
: 39 : 
were observed at d 1.32 (C5P-CH3), 0.78 (Cia^-CHg), 0.92, 0.82 
(other methyl protons). On the basis of above discussion, the 
oily compound was characterized as 3p-hydroxy-5p-methyl-19-nor-
stigmast-9ClO)-en-6a-ol { CLVIII ). 
Characterization of the compound (oil) as 3g--hydroxy-6g-fluoro-
5a-stiamast-5a-ol ( CLXII ) 
The oily compound was correctly analysed for C^ gHp^ -iO 
(positive Beilstein test). The IR spectrum of the compound had 
bands at 3420 (-0H), 740 cm"""" (C-F). In its H-NMR spectrum a 
multlplet was observed at d 5.05 (WI/2 = 16Hz, axial, A/R ring 
.42 junction trans; integrating for one proton and was assigned to 
C3a-H. A multiplet centered at d 4.16 (Wl/2 = 4Hz, equatorial) 
Was integrated for one proton and was assigned to C6(3-H, The 
hydroxyl proton appeared as a singlet at d 2.42 (exchangeable 
with deuterium). Angular methyl protons appeared at d 0.93 
(CIO-CH3) and 0.63 (CI3-CH3), 0.83 and 0.73 (other methyl protons) 
On the basis of above analytical and spectral analysis, it may 
be deduced that the oily compound is 3^-hydroxy-6^-fluoro-5a-
stigmast-5a-ol ( CLXII ). 
Reaction of 3g-acetoxY--5,6a-epoxv-5a-stiqmastane ( CXLVII ) with 
BF^-etherate in benzene : 
Reaction of 3^-acetoxy-5,6a-epoxy-5a-stigmastane ( CXLVII) 
: 40 : 
with BF-3-etherdte in benzene was performed in the similar 
manner as described for previous reaction. The reaction mixture 
after usual workup and column chromatography afforded two solids 
m.p.s 120-122°C and two oily products. 
( CXLVII ) 
10^21 
B F ^ - e t h e r a t e 
AcO 
Benzene, 7 min 
20°C 
( cLix ; ( CLXXII ) 
Characterization of the compound, m.p. 120-122 as 3g-acetoxv-
5a-stiqmastan-6-one ( CLI ) 
The compound, m.p. 120-122 was analysed for C^ iHp-^ O^ . Its 
IR spectrum showed bands at 1705 (>C=0), 1730 and 1240 cm~^ 
(-O-C-CH^). The NMR spectrum displayed a multiplet at d 5.1 
: 41 : 
(Wl/2 = 17Hz, axial, A/B ring junction trans) , integrating 
for one proton, ascribable to C3a-H. A singlet at d 2.01 inte-
grating for three protons was attributed to acetate moiety. 
Methyl protons appeared at d 0.93 (ClO-CH^), 0.o8 (CIS-CH^), 
0.83 and 0.73 (other methyl protons). On the basis of foregoing 
discussion, the compound, m.p. 120-122 was characterized as 
3p-acetoxy-5a-stigmastan-6-one.( CLI ). 
Characterization of the compound (oil) as 3g-acetoxv-5t3.14^-
dimethvl-18.19-bisnor-10a-stiqmast-13(17)-en-6a-ol ( CLV .) _ 
The oily compound was correctly analysed for CoiH^^^^^* '^^ ^ 
IR spectrum of the compound ( CLV ) exhibited aosorption bands 
at 3400 (OH), 1725, 1240 cm""'- (-O-C-CH3). The NMR spectrum of 
the compound showed a broad multiplet at d 5.06 (Wl/2 = 8Hz, 
19 42 
equatorial, A/B ring junction has 5^-lOa-configuration) * 
integrating for one proton and was assigned to C3a-H. A singlet 
at d 3.48 (exchangeable with deuterium) was attributed to C6a-0H. 
A broad multiplet at d 3.23 (VQ/2 = 9Hz, axial) and a multiplet 
at d 2.45 were observed for C6^-H and C20-allylic proton respecti-
15 
vely. A singlet appeared at d 2.01 was attributed to methyl 
protons of acetate moiety. Methyl protons appeared at d 1.12 
(C5^-CH3)^ 0.9o (CI4P-CH3), 0,86, 0.82 (other methyl protons). 
The above discussion confirmed the compound (oil) as 3p-acetoxy-
5^-dimethyl-18,19-bisnor-10a-stigmast-13(l7)-en-6a-ol ( CLV ). 
: 42 : 
Characterization of compound, m»p« 170° as 3g-acetoxy-5g-methyl-
19-nor-stiamast-9(lQ)-en-6a~ol ( CLIX ) 
The compound, m.p. 170 was analysed for C^-Mf-^0^. Its IR 
spectrum exhibited bands at 3400 (-0H), 1730 and 1240 cm"-'-
(-0-C-CHT). H-NMR spectrum displayed two broad multiplets at 
C 5.01 (Wl/2 = 8Hz, equatorial, A/B ring junction cis)''-^*^^ and 
3.23 (va/2 = 9Hz, axial) for C3a-H and C6P-H. Two singlets at 
0 3.48 (exchangeable with deuterium) and 2.01 integratinq for one 
n^c th^ee protons each were assigned to o^a-«jH -..^ .rit;tnyl .^ocons of 
acetate moiety respectively. Singlets at d 1.12 and 0.78 were 
observed for (CSfii-CH^ ) and (ClS-CHo) respectively. Other methyl 
protons were appeared at d 0.92, 0.86 and 0.82. On the basis of 
above spectral evidences, compound, m.p. 148 can be regarded as 
3^-acetoxy-b^-methyl-19-nor-stigmast-9(10)-en-6a-ol ( CLIX ). 
Characterization of compound (oil) as 3g-acetoxv-6^-fluoro-5a--
stiamast-5a-ol ( CLXIII ) 
The oily compound gave positive Beilstein test and was 
analysed tor Co-iHt-oFO-. Its IR spectrum showed bands at 3400 
(-0H), 1730, 1240 (-O-C-CH3), ^"^ "^^ ^ ^^'^ (C-F). The "^ H-NMR 
spectrum had two multiplets at d 5,1 (Wl/2 = 17Hz, axial) and 
4.2 (WI/2 = 4Hz, equatorial) and were assigned to C3a-H and C6a-H 
respectively. Therefore A/B ring junction is trans . ^ singlet 
at d 3.48 (exchangeable with deuterium) was assigned to the 
: 43 : 
hydroxyl proton. Methyl protons of acetate moiety appeared 
at d 2.01 as a singlet. Signals of angular and side chain 
methyl protons were observed at d 0.93 (CIO-CH3), 0.63 (C13-CH„), 
0.83 and 0.73 (other methyl protons). All the above data clearly 
indicated that oily compound is 3^-acetoxy-6^-fluoro-Scc-stigmdst-
5a-ol ( CLXIII ). 
REACTION OF STEROIDAL EPOXIDES WITH THIOGLYCOLIC ACID 
36-40 
In continuation to our previous studies on the reactions 
of steroidal epoxides, we carried out the reaction of steroidal 
epoxides ( CXIa, CXIb, LXVIII, CXXIX ) with thioglycolic acid 
which provided steroidal hydroxyformates ( CLXIV-CLXVII ) and 
diols ( CXIIa-^CXIIc, CXLIX ). The structures of these compounds 
were established on the basis of spectral evidences, X-ray 
analysis and comparison with authentic samples in known cases. 
HSCH^COOH 
LlBr, DMF 
-^ 
R R R 
CCXI-a) 
(cxi-b; 
(LXVIII) 
(CXXIX) 
H 
CI 
OAc 
OH 
(CLXIV) 
(CLXV) 
(CLXVI) 
(CLXVII) 
H 
CI 
OAc 
OH 
(CXIIa) 
(CXIIb) 
(CXIIc) 
(CXLIXj 
H 
CI 
OAc 
OH 
: 44 : 
Reaction of 5.6a--epoxy-5a--cholestane ( CXIa ) with thioqlycolic 
acid 
To a stirred solution of epoxide ( CXIa ) in N,N-dimethyl-
formamide were added lithium bromide (catalytic amount) and 
thioglycolic acid (dry, equimolar). Stirring was continued for 
12 hrs at 60-80 temperature. After completion of the reaction, 
the solvent was evaporated under reduced pressure and the residue 
Was extracted with ether. The organic layer was washed with 
Water, sodium hydrogen carbonate solution (5%) and again with 
water and dried over sodium sulphate (anhydrous). Evaporation 
of the solvent gave an oily residue which on silica gel column 
chromatography afforded two solid compounds, m.p. 121 and 108 . 
CsHl? 
hSCH2C00H 
DMF 
H 
(CLXIV) (CXIIa) 
Characterization of the compound, m.p. 121 as 6g-formyloxy--5g-
cholestan-5-ol ( CLXIV ) 
Th e compound, m.p. 121 was correctly analysed for O^QH.QO^. 
: 45 : 
The IR spectrum of the compound showed strong absorption bands 
around 3450 (-0H) and 1700 cm" (-0-C-H). The H-NMR spectrum 
of the compound exhibited two singlets integrating for one proton 
each at d 8.10 and 4.76 and were assigned to (O-C-H) ana C6a-H 
respectively. Hydroxyl proton appeared as singlet at d 2.43 
(exchangeable with deuterium). The other signals were seen at 
d 1.1 (ClO^-CHg), 0.65 (CI3P-CH3; and 0.85, 0.77 (other methyl 
13 protons). In its C-NMR spectrum, a signal at d 160.569 was 
observed for -O-C-H. The above spectral and elemental analysis 
suggested the structure of the compound, m.p. 121 as 6p-formyloxy-
5a-cholestan-5-ol ( CLXIV ). This structure was further supported 
by mass spectral studies. The mass spectrum of the compound 
( CLXIV ) gave the molecular ion peak at M"^ ' 432 (C2oH4g02) 
followed by other significant peaks at m/z 417, 415, 414, 399, 
386, 371, 370, 355, 319, 301, 273, 257 and other mass ion peaks. 
The formation of some of the fragment ions has been rationalized 
according to scheme-1. 
Scheme-l 
: 46 : 
CgHj_y 
-CgHj^ y 
-> m/z 319 
m/z 414 
Mt 432 
m/z 273 
m/z 301 
^ 
/N^n-^ 
-OH 
m/z 415 
-CgHj_y 
1 „ 
• > 
"^^3/ m/z 37^\"^8^17 
m/z 355 m/z 257 
Characterization of the compound. m»p, 108" as 5a-cholestan-5. 
6d-ciiol ( CXIIa ) 
The compound ( CXIIa ), m.p. 108 was analysed for C27^4fP7 
and Was found identical (m.p., m.m.p., TLC, IR and H-NMR) with 
43 
authentic sample of 5a-cholestan-5,6p-diol (reported , 
m.p. 125-127°). 
: 47 : 
Reaction of 3g-chloro-5,6a-epoxv--5a--cholestane ( CXIb ) with 
thioqlycolic' acid : 
The epoxide ( CXIb ) in N,N-dimethylformamide was stirred 
with thioglycolic acid (equimolar), (LiBr used as catalyst) at 
60-80 for 12 hrs. The reaction mixture was worked up as usual 
and after chromatographic separation two solid compounds m.p.s., 
152 and 126 were obtained. 
( CXIb)) 
^8^17 
HSCH2COOH 
DMF, LiBr ^ 
( CLXV ) ( CXIIb ) 
Characterization of the compound, m.p. 152 as 3g~chloro-6g-
formvloxv-5a-cholestane-5-ol ( CLXV ) 
The compound, m.p. 152 showed elemental analysis, 
compitable with molecular formulae C„oH.yC10^ (positive 
Beilstein test). The IR spectrum exhibited bands at 3430 
(-0H), 1700 (-0-C-H) and 740 cm^ -"" (C-Cl). In its ""-H-Nm 
0 
: 48 : 
spectrum two singlet were observed at d 8.10 and 4.80 inte-
0 
grating for one proton each and were assigned to (-0-C-H) 
and C6a-H respectively. A multiplet centered at 6 4.32 
(Wl/2 = 17Hz, axial, A/B ring junction trans) integrating 
for one proton was obtained for C3a-H. A singlet appeared at 
5 2.40 (exchangeable with deuterium) was assigned to C5-0H. 
The other signals were observed at d 0.96 (ClO-CH^), 0.73 
(C13-CH^), 0.86 and 0.80 (remaining side chain methyl protons). 
13 In its C-NMR spectrum, a signal was observed at d 160.342 
and was assigned to -0-C-H. The mass spectrum of the conpound 
( CLXV ) gave the intense molecular ion peak at M.t* 466/468 
(C^oH.yClO^) followed by other distinguishing peaks at n/z 
451/453, . 448/450, 433/435, 430, 420/422, 415, ^ 1^2, 
405/407, 404/406, 389/391, 384, 368, 353/355, 335/337, 307/309, 
291/293 and other lower mass peaks. The fragmentation path way 
of important fragment ions has been rationalized according to 
scheme-2. On the basis of above discussion, the structure for 
the compound, m.p. 152 was confirmed as 3^-chloro-6p-formyloxy-
5a-cholestan-5-ol ( CLXV ). The structure was further supported 
by its X-ray analysis. The prospective drawing of compound 
( CLXV ) viewed along the carbonyl group was shown in Fig. 1. 
Scheme-2 
: 49 : 
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Characterization of the compound. m»p. 126 as 3B-chloro-5a-
cholestan-S.eB-diol ( CXIIb ) 
The compound ( CXIIb ), m.p. 126° analysed for C27H4'7C102 
(positive Beilstein test) was found identical (m.p., m.m.p., 
TLC, IR and H-^ 4MR) with authentic sample of 3P-chloro-5a-
cholestan-5,6^-diol (reported , m.p, 125 ). 
Reaction of 3g-acetoxy-5«6a-epoxv-5a-chol.estane ( LXVIII ) with 
thioqlycolic acid 
The epoxide ( LXVIII ) in N,N-dimethylformamide was stirred 
with thioglycolic acid (equimolar) (LiBr used as catalyst) at 
60-80 for 12 hrs. After usual work up and column chromatogra-
phic separation of the crude solid, two compounds having m.p.s. 
160° and 208° were isolated. 
Fs^i? 
HSCH^COOH 
DMF, LiBr ^ 
( LXVIII ) ( CLXVI ) ( CXIIC ) 
: 52 : 
Characterization of the compound, m.p. 160 as 3g~acetoxY-6g--
formyloxv-5cx~cholestan-5-ol ( CLXVI ) 
The compound, m.p. 160 was correctly analysed for 
^30^50^5* In its IR spectrum bands exhibited at 3420 (OH), 
1720 (-O-C-CH3) and 1710 cm""^  (-0-6-H). •'"H-NMR snectru-^  of 
the compound, m.p. 160° had two sharp singlets at d B.iC and 
4.80 integrating for one proton each and were assigned to 
-0-C-H and C6a--H respectively. A multiplet observed at d 5.21 
(WI/2 = 17Hz, axial, A/B ring junction trans) integrating for 
one proton ascribable to C3a-H. Hydroxyl proton appeare^ j as 
singlet at d 2.41 (exchangeable with deuterium). Oth^r signals 
were observed at 6 1.13 (CIO-CH3), 0.7 (CI3-CH2), 0.9 and 0.80 
(remaining side chain methyl protons). C-NMR spectrum had two 
bands at 6 170.917 (-O-C-CH3) and 160.417 (0-C-H). On the basis 
of above discussion, the structure for the compound, m.p. 160° 
was formulated as 3^-acetoxy-6^, formyloxy-ba-cholestan-5-oJ 
( CLXVI ). Further evidence in support of stricture ( CLX^ /I ) 
was found by its mass spectrum. The compound ( CLXVI ) showed 
molecular ion peak at M"*"* 490 i^^O^^d^b^' along with sian^fic -.t 
ion peaks at m/z 475, 473, 472, 457, 444, 430, 429, 42^, 415, 
413, 377, 359, 331, 317, 315 and other lower mass peaks. 
Formation of some of the fragment ions have been shown in 
',.~henie-3. 
Scheme-3 : 53 : 
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Characterization of the compound. m«p. 208 as 3g-acetoxy-5a-
cholestan-5,6^-diol ( CXIIc ) 
The compound, m.p. 208 arely.^ ed for C29HP,Q09 was 
found identical (m.p., m.m.p., TLC, IR and H-NAAR) with 
authentic sample of 3^-acetoxy-5a-cholestan-5,6P-diol (reported 
m.p. 208°). 
45 
Reaction of 3g-hvdroxy-5.6a-epoxv-cholestane ( CXXIX ) with 
thioqlycolic acid : 
The epoxide ( CXXIX ) in N,N-dimethylformamide was stirred 
with thioglycolic acid (equimolar). (LiBr used as catalyst) at 
60-80 for 12 hrs. After usual work up and column chromato-
graphic separation of the oily residue, two products having 
m.p. 110 and 244 were isolated. 
^8^17 
HSCH2COOH 
DMF, LiBr • ^ 
( CXXIX ) ( CLXVII ) ( CXLIX ) 
: 55 : 
C h a r a c t e r i z a t i o n of the compound, m,D, 110 as 33-hvd.roxy-
a / J - fo rmv loxv l -Sa -cho l e s t an -S -o l ( CLXVII ) 
Th e compound, m.p . 110 was analysed f o r C2gH4o04« The 
-1 
-§-H). IR spectrum showed bands at 3400 (-0H) and 1700 cm" (-0 
H-NMR spectrum displayed two singlets at d 8.10 ana 4.b0 
integrating for one proton each and were assigned to -0-C-H 
and C6a-H respectively. A multiplet integrating for one proton 
was observed at d 5.21 (Wl/2 = 17Hz, axial) for C3a-H. There-
fore, A/B ring junction is trans . Hydroxyl protons appeared 
as singlet at d 2.42 (exchangeable with deuterium). Other 
signals were observed at d 1.13 (C10-CHo)» 0.70 (C13-CH^), 0.90 
and 0.80 (remaining side chain methyl protons). C~NMR spectrum 
of the compound showed band at d 160.439 assigned to (-0-C-H). 
Thus on the basis of above discussion, the compound, m.p. 110° 
was characterized as 3p-hydroxy-6^-formyloxy-5a-cholestQn-5-ol 
( CLXVII)). This structure was further supported by its mass 
spectral studies. The mass spectrum of the compound ( CLXVII ) 
showed intense molecular ion peak at M"*"' 448 (^ 20^ 4^004)* 
followed by other significant frd'jment ions at m/z 4'^ 3, ^-'^l, 
430, 415, 402, 387, 386, •^ -^•'^  371, 368^ 335, 317, 2-^ 9, '73 n--
other lower mass peaks. Genesis of some of the fragment ioj s 
are shown in scheme-4. 
Scheme-4 
: 56 : 
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Characterization of the compound, m.p. 244 as 3B-hvdroxv-
5a-cholestane-5.6g-diol ( CXLIX ) 
The compound, m.p. 244° analysed for C28H4PO3 vv?s 
found identical (m.p., mixed m.p., TLC, IR and H-NMR) with 
the authentic sample of the diol ( CXLIX ) (reported , 
m.p. 244°). 
Experimental 
All melting points were observed on a Kofler hot bJock 
apparatus and are uncorrected. IR spectra were obtainec in 
KBr/Nujol with a Pye-Unicam SP3-100 spectrophotometer and 
JASCO A-100 spectrometer. IR values are given in cm" . H-
NMR spectra were run in CDCl^ on a Varian A-60D and XL-400 
spectrometer with Me.Si as the internal standard ana its va]ues 
are given in ppm (5) (s = singlet, d - doublet, t - triplet, 
dd = double doublet, br = broad and mc = multiplet centied at). 
Mass spectra were measured on JMS D-300/AIE MS-9 and JEOL 
JMS-DX 300 spectrometer. The mass values of fragment ions 
from various compounds are given in parentheses indicating 
the relative abundance {%) of the peaks with respect to the 
base peak as 100%. Thin layer chromatographic (TLC) plates 
were coated with silica gel and sprayed with 20% aqueous solu-
tion of perchloric acid. Silica gel (20 g) was used foi one gm 
of the material to be separated in column chromatography. 
Petroleum ether refers to a fraction of b.p. 40-60 , socium 
sulphate (anhydrous) was used as the drying agent. 
3g-Chlorocholest-5-ene 
Freshly purified thionyl chloride (75 ml) was addea 
gradually to cholesterol (100 g) at room temperaturp. \ 
w 
vigorous reaction ensured with the evolution of gaseous 
products. When the reaction slackened, the reaction mixture 
as gently heated at a temperature of 50-60 on a water bath 
for 1 hr. and then poured on to crushed ice-water witr. stirr-
ing. The yellow solid thus obtained was filtered under 
suction and washed several times with ice-cold water canj air 
dried. Recrystallization of crude product from acetone gave 
compound (95.5 g), m.p. 95-96 (reported , m.p. 96 ). It 
gave positive Beilstein test and a yellow colour with tetra 
nitromethane in chloroform. 
33-Chloro-5.6g-epoxv-5a-cholestane ( CXIb ) 
3p-Chlorocholest-5-ene (11 g) in chloroform (lOC ml) was 
treated with a solution of perb-^ nzoic acid (1.1 mol equivalent) 
and left for 20 hrs. at a temperature of -8 . The reaction 
mixture was then washed successively with ice-cold sociium 
bicarbonate solution (5%), water, sodium thiosulphate (5?j) 
solution and again with water. Evaporation of the solvent 
yielded ( CXIb ) as an oil which was crystallized from, acetone 
as needles (8.1 g), m.p. 89 (reported , m.p. 89.5-9U.C/ ). 
: 59 : 
Reaction of 3i3-chloro-5.6a-epoxv-5a-cholestane ( CXIb ) with 
BF^-ethexate in benzene : 3i3-Chloro-5a-cholcstan-6-one ( CXLVIII ), 
3j3-chloro-5B.14t3~dimethvl-18.19-bisnor~10a-cholest-13(17)-en-ca-
al ( c m ) . 3p-chloro-53-methvl-19-norcholest-9(10)-en-6a-ol 
( CLVI ) and 3U-chloro-6p-f luoro-5a-cholestan-5a-ol ( CLX ) 
3Fi-Chloro-5,6a-epoxy-5a-cholestdne ( CXIb ) (4.0 g; 8.7 m, 
mol) in benzene (280 ml) was t r ea ted with BF-^-etherate (4 ml, 
0.032 m mol) and kept at 20° for 7 min. The solut ion was pouren 
in to NaHC02 so lu t ion 5% and the mixture was d i lu ted with cthpr 
and washed with water . The e the rea l so lu t ion was dried over 
anhydrous sodium sulphate . Evaporation of the solvent Ipft an 
o i l which was chromatographed on a s i l i c a gel column (80 g ) . 
Elution with l i gh t petroleum and ether (45:1) and r e c r y s t a l l i z a -
t ion from methanol afforded 3i3-chloro-5a-cholestan-o-onf-
( CXLVIII ) (0.4 g; 0.915 mmoJ), m.p. and mixed m.p. 128-129° 
(reported , m.p. 128°). 
Further e lu t ion witn a (15:1) mixture of l i gh t prtTnlfum 
and ether afforded 3p-chloro-5p,14p-dimethyl-18,19-bisnnr-lOa-
c . io les t -13( l7)-en-6a-ol ( CLII ) as a non crys t =?llizdblfc o i l 
(0.5 g,l.ji8 m mol ) . I t gave pos i t ive Be i l s t e in t ^ s t . 
ana lys i s found : C, 76.99; H, 10.77 
C^7H..C10 r equ i r e s : C, 77 .01; H, 10.78f^ 
^^ • Omax. ^"^^ ^°^ ' ' ' "^ "^ ^ ^^ ^ (C-Cl). 
b 
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-'•H-NMR : 5 4.51 (br m, Wl/2 = 8Hz; C6j3-H, axial), 3.4 (br m, 
Wl/2 ^ 9Hz, C3a-H, equatorial, A/B rlnq junction 
has 5p,10cx-configuration)^^''^^, 2.63 (s, C6a-0H, 
exchangeable with deuterium), 2.43 (m, C20-dllylic 
proton)-'-^ , 1.3 (C5P-CH3), 1.15 (C14^-CH^), 0.96, 0.85
and 0.82 (remaining methyl protons). 
Elution with a 10:1 mixture of light petroleum and ether 
furnished the non-crystallizable oil 3j3-chloro-5r3-iT'ethyI-19-nor-
cholest-9(lO)-en-6a-ol ( CLVI ) (0.45 g, 1.07 mmol ). It gave 
positive Beilstein test. 
Analysis found : C, 76.99; H, 10.77 
C2yH^^C10 requires : C, 77.01; H, 10.78%. 
IR : .A, „,^ 3400 (OH), 740 cm~^ (C-Cl). 
•"•H-NMR : d 3.53 (br m, ';a/2 = 9Hz; C6j3-H, axial), 3.36 (br m, 
Wl/2 = 8Hz, C3a-H, equatorial, A/B ring junction 
19 42 
cis) ' , 2.63 (s, C6a-0H, exchangeable witt. deuterium) 
1.12 (C5P-CH3), 0.78 (CI3P-CH3). 0.93 and 0.82 
(remaining methyl protons). 
Further elution with a 1:1 mixture of petroleum ether 
and ether yielded a solid compound v\'hich was recrystallizeo 
from methanol to give 3i3-chloro-6p-fluoro-5a-cholestdn-5a-ol 
( CLX ) (0.500 g,1.13 mmol), m.p. 118°. It gave positive 
Beilstein test. 
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A n a l y s i s found : C, 7 3 . 5 1 ; H, 10 .51 
C27H^^C1F0 r e q u i r e s : C, 7 3 . 5 2 ; H, 10.52% 
IR : N 3400 (OHj, 745 cm"-'" ( C - C l ) . 
l) max. 
•"•H-NMR : d 4.2 (m, \n/2 = 4Hz; C6a-H, equatorial), 3.82 
(br m, Wl/2 =^ 17Hz; C3a-H, axial, A/B ring 
,42 / junction trans; , 2.63 (s, C5^-0H, exchangeoble 
with deuteriam), 1.01 (CIO-CH3), 0.66 (CI3-CH3), 
0.93, 0.85 and 0.82 (other methyl protons). 
3g-Chloro~stiqmast-5-ene 
Freshly purified thionyl chloride (19 ml) was added to 
jD-sitosterol (25 g) at room temperature. A vigorous reaction 
ensued with the evolution of gaseous products. When thr reac-
tion slackened, the mixture was gently heated at a temperature 
of 50-60 on a water bath for one hour and then poured on to 
crushed ice water with stirring. The yellow solid thus obtained 
was filtered under suction and washed several times with ice 
cooled water and air dried. Recrystallization of crude produ., t 
from acetone gave 3j3-chlorostigmast-5-ene (21.5 g), m.p.82<". 
It gave positive Beilstein test and a yellow colour with tetra-
nitrometnane in chloroform. 
: 62 : 
3^-Chloro-5.6a-epoxv-5g-stlqmastane ( CXLV ) 
3p-Chlorostigmast-5-ene (11 g) in chloroform (100 ml) 
was treated v.'ith a solution of perbenzoic acid (1.1 mol 
equivalent) in chloroform and left at -8 for 20 hrs. The 
mixture was then washed with ice-cold sodium bicarbonate 
solution (5%), sodium thiosulphate solution (5%) and water. 
Evaporation of the solvent yielded ( CXLV ) an oil which was 
recrystallized from acetone as needles (8.1 g), m.p. 72^C. 
It gave positive Beilstein test. 
Analysis found : C, 77.5; H, 10.9 
C29H49CIO requires : C, 77.5; H, 11.C^. 
IR : :^  ^ ^^^ 1260 (- C - C - ) , 740 cm""^  (C-Cl). 
•^ H-NMR : a 4 .32 (br m, Wl/2 = 17Hz, C3a-H, a x i a l , A / B r i n g 
j u n c t i o n t rans)"^^ , 3 .43 (m, Wl/2 = 9Hz, C6P-H, a x i a l ) , 
1.2 (CIO-CH3), 0 . 6 5 (CI3-CH3), 0 . 9 0 , 0 .78 and 1.16 
( o t h e r methyl p r o t o n s ) . 
Reac t ion of 3^ -ch lo ro -5 ,6a -epoxv-5a - - s t i qmas t ane ( CXLV ) with 
B F ^ - e t h e r a t e in benzene. 3>3-Chloro-5a-st igmastan--6-one ( CXLIX ) , 
3p-chloro-5j:i . l 4 ^ - d i m e t h v l - 1 8 . 1 9 - b i s n o r - 1 0 a - s t i q m a s t - 1 3 ( l 7 ) - e n -
6a -o l ( CLIII ) . 3 ^ - c h l o r o - 5 i 3 - m e t h v l - 1 9 - n o r - s t i q m a s t - 9 ( 1 0 ) - e n -
6a -o l ( CLVII ) and 3 3 - c h l o r o - 6 e - f l u o r o - 5 a - s t i q m a s t - 5 - o l ( CLXI 2 
3] :^-Chloro-5 ,6a-epoxy-5a-s t igmastane ( CXLV ) (4 g, 8.9 m mol 
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in benzene (280 ml) was t r e a t e d v.ith B F ^ - e t h e r a t e (4 ml, 
0.032 m mol ) , under s i m i l a r r e a c t i o n c o n d i t i o n s as d r s c i i b e d 
e a r l i e r . The r e a c t i o n mix ture a f t e r usual work up provided 
an o i l y r e s i o u e which was chromatographed on a s i l i c a ge l column 
(80 g) . E l u t i o n with pet ro leum e t h e r - e t h e r (40 :1) and c r y s t . . -
l l i z a t i o n from methanol a f forded 3 p - c h l o r o - 5 a - s t i y m a s t a n - 6 - o n e 
( CXLIX ) , (0 .975 g, 2 .17 m mol ) , m.p. 7 8 ° . I t gave p o s i t i v e 
B e i l s t e i n t e s t . • 
Ana lys i s found : C, 7 7 . 5 ; H, 10.9 
C29H49CIO r e q u i r e s : C, 7 7 . 5 ; H, 11.0%. 
IR : r>| 1710 (>C=0), 760 cm""'- ( C - C l ) . 
11 max. 
•"•H-NAIR : d 3 .85 (br m, Wl/2 = 17Hz, C3a-H, a x i a l , \/B r i n g 
49 j u n c t i o n t r a n s ) , 0 .93 (CIO-CH3), 0 .63 (C13-CH^), 
0 .83 and 0 .73 ( o t h e r methyl p r o t o n s ) . 
F u r t h e r e l u t i o n with pet ro leum e t h e r - e t h e r (20:1) 
provided 3 ^ - c h l o r o - 5 f 3 , 1 4 p - d i m e t h y l - 1 8 , 1 9 - b i s n o r - l O a - s t i g m a s t -
1 3 ( l 7 ) - e n - 6 a - o l ( CLIII ) , (0 .725 g, 1.61 m mol) as a non 
c r y s t a l l i z a b l e o i l ( p o s i t i v e B e i l s t e i n t e s t ) . 
Ana lys i s found : C, 7 7 . 6 ; H, 11 .0 
C29H^9C10 r e q u i r e s : C, 7 7 . 5 ; H, 11.0%. 
IR - 1 : ^ m ^ x . ^"^20 (-0H), 760 cm ^ ( C - C l ) . 
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•"•H-NMR : d 4.37 (m, Wl/2 = 7Hz, C6i3-H, axial), 3.38 (m, 
Wl/2 = 8Hz, C3a-H, equ^ itorial A/B ring junction 
has 5g,10-confiyuration)-'-^'^^, 2.65 (s, C6a-C", 
exchangeable with deuterium), 2.45 (m, C20--^ 11ylic 
proton)^^, 1.12 (C5J3-CH3), 0.93 (CI3-CH3), O.So, 
0.82 (other methyl protons). 
Continued elution with oetroleum ether - ether (15:1) 
and recrystallization from acetone furnished Sp-chloro-"^, -
methyl-19-nor-stigmast-9(lO)-en-6a-ol ( CLVII ) (0.765 g, 
1.70 m mol), m.p. 142 . It gave positive Beilstein test. 
Analysis found : C, 77.5; H, 11.0 
C20H4QCIO requires : C, 77.5; H, 11.0?^ . 
IR : ^  „_ 3410 (-0H), 760 cm"^ (C-Cl). 
•^ H-NMR : d 4 .42 (m, Wl/2 - 7Hz, C6p-H, a x i a l ) , 3.78 (br m, 
WI/2 = 8Hz, C3a-H, e q u a t o r i a l , A / B r i n g j u n c t i o n 
c i s ) ' , 2.62 ( s , C6cr-0H, exchangeable ^vith 
d e u t e r i u m ) , 1.28 (C513-CH3), 0 .78 (ClSp-CH^), 0 .92 
0 .86 and 0.82 ( o t h e r methyl p r o t o n s ) . 
F u r t h e r e l u t i o n with petrol'^um e the r - e t h ^ r (5 :1 ) o rov ide . 
3 p - c h l o r o - 6 ^ - f l u o r o - 5 a - s t i g m a s t - 5 - o l ( CLXI ) ( . 8 3 5 g, i . 6 5 
m mol'! ^5 a non c r y s t a l l i z a b l e o i l . I t had p o s i t i v e B e i l s t e i n 
t e s t . 
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Ana lys i s found : C, 7 5 . 0 ; H, 10.8 
C29H5QCIFO r e q u i r e s : C, 7 4 . 2 ; H, 10.8%. 
IR : . 3420 (OH), 760 (C-Cl ) , 745 cm""^  (C-F) . 
•J max. 
•'•H-NMR : d 4 .26 (m, Wl/2 = 4H2, C6a-H, e q u a t o r i a l ) , 3.82 
(br m, va /2 = 17Hz, C3a-H, a x i a l , A / B r i n g j ' . n c t i o n 
.42 , 
t r a n s ) , 2 .85 ( s , C5a-0H, exchanqeable with ri--^ u-
t e r i u m ) , 0 .93 (CIO-CH3), 0 .73 (CI3-CH2), 0 . 8 3 , 0 .6? 
( o t h e r methyl p r o t o n s ) . 
3g -Hydroxy-5 ,6a -epoxy-5a - s t iq r i a s t ane ( CXLVI ) 
^ - S i t o s t e r o l (10 g) in chloroform (100 ml) was t r e a t e d with 
s o l u t i o n of perbenzoic ac id ( l . l mol e q u i v a l e n t ) in chloroform 
and l e f t fo r 20 h r s . a t a t empera tu re of - 8 . The mixture was 
then washed s u c c e s s i v e l y with i c e - c o l d sooium b i c a r b o n a t e 
s o l u t i o n (5%), Water, sooium t h i o s u l p h a t e s o l u t i o n (5%) dind w.^tt: 
Evapora t ion of t h e so lven t gave an o i l which was chromatographed 
over s i l i c a ge l column. E l u t i o n with pet ro leum e t h e r - e t n e r 
(6 :1 ) gave a compound which was c r y s t a l l i z e d from acetone to 
g ive epoxide ( CXLVI ) as n e e d l e s ( 7 . 8 g ) , m.p. 
A n a l y s i s found : C, 8 0 . 0 ; H, 11.8 
^29^50^2 ^^f^^i^^s : C, 80 9; H, 11.7%. 
: 66 : 
IR : ^ ^ ^ 3400 (OH), 1260 - C - C - ) 0 max. \ / 
^ 0 
•"•H-NMR : d 4 . 2 3 (br m, Wl/2 = 17Hz, C3a-H, a x i a l , A/B r i n g 
j u n c t i o n t r a n s ) , 4 .08 (m, Wl/2 - 4Hz, C6a-H, eqaa-
t o r i a l ) , 1.12 (CIO-CH3), 0 .78 (CI3-CH3), 0 .9^ , 0 .83 
( o t h e r methyl p r o t o n s ) . 
Reac t ion of 3 l3-hvdroxy-5 .6a-epoxy-5a-5t iqmast ane ( CXLVl ) wi th 
B F - - e t h e r a t e in benzene : 3 ;3-Hydroxy-5a-s t igmast-6-one ( CL ) 
3 g - h v d r o x v - 5 3 . 1 4 p - d i m e t h v l - 1 8 . 1 9 - b i s n o r ~ 1 0 a - s t i q m Q s t - 1 3 ( 1 7 ) - e n -
6a -o l ( CLIV ) . 3B-hvdroxv-56-me thv l -19 -nor - s t iqmas t -9 ( lOY-en-
6a -o l ( CLVIII ) and 3^ -hvd roxy -6 t5 - f l uo ro -5a - s t i qmas t -5a -o l 
( CLXII ) 
3 i3-Hydroxy-5 ,6a-epoxy-5a-s t igmastane ( CXLVI ) , (4 g, 9.2 " 
mol) was t r e a t e d with B F - - e t h e r a t e (4 ml, .032 mol) in benzene 
(280 ml) under i d e n t i c a l r e a c t i o n c o n d i t i o n s as mentioned e a r -
l i e r . Mixture on usual work up and removal of t h e so lven t gave 
an o i l y r e s i d u e ( CXLVI ) which was chromatographed over s i l i c a 
ge l (so g) column. E l u t i o n with l i g h t pe t ro leum e the r - e t h e r 
(20:1) ana r e c r y s t a l l i z a t i o n from methanol y i e l d e d 3p-h' u'roxy-
5 a - s t i g m a s t a n - 6 - o n e ( CL ) , (0 .925 g, 2 . 91 m mol ) , m.p. 132°. 
Ana lys i s found : C, 8 0 . 8 ; H, 11.8 
^9^50*^2 ^^^^ i^^s • ^» 8 0 . 9 ; H, 11.7%. 
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IR : ^ 3420 (OH), 1705 cm -*• (>C=0) . 
•""H-NMR : d 5 .01 (m, Wl/2 = 17Hz, C3a-H, a x i a l , A / B r i n g 
j u n c t i o n t r a n s ) ^ ^ , 0 .93 (CIO-CH3), 0 .78 (CIS-CH^), 
0 . 8 3 , 0 .63 (o the r methyl p r o t o n s ) . 
E l u t i o n wi th petroleum e t h e r - e t he r (10 :1 ) fu rn i shed 3;3-
hydroxy-Sp, 1 4 p - d i m e t h y l - 1 8 , 1 9 - b i s n o r - 1 0 a - s t i g m a s t - 1 3 ( l 7 ) - e n - 6 o ' - o i 
( CLIV ) (0 .735 g, 1.70 m mol) as an o i l . 
Ana lys i s found : C, 8 1 . 0 ; H, 11.8 
^29^50*^2 ^ s q ^ i ^ e s : C, 8 0 . 9 ; H, 11.7%. 
I f ' -^max. 3410 cm-1 (oH) . 
^H-NMR : 0 5.02 (m, V.'l/2 = BHz, C3a-H, e q u a t o r i a l , 5^, 10a-
c o n f i g u r a t i o n fo r A / B r i n g j u n c t i o n ) * , 4 .52 (m, 
Wl/2 = 7Hz, C6P-H, a x i a l ) , 2 .65 ( s , C6a-0H, exchange-
15 
ab le with d e u t e r i u m ) , 2 .43 (m, C 2 0 - a l I y l i c p ro ton) " , 
1.12 (C5H-CH3), 0 .93 (CIO-CH3), 0 . 8 8 , 0.8C, 0.82 
(other methyl protons). 
Elution with petroleum ether - ether (5:1) provider 
3t3-hydroxy-5j3-methyl-19-nor-stigmast-9(lO)-en-6a-ol ( CLVIII ) 
(0.775 g, 1.77 m mol) as an oil. 
Analysis found : Q, 80.9; H, 11.8 
2^9'^ 50°2 ^eq^i^^s : C, 80.9; H, 11.7%. 
: 68 : 
IR : A „„., 3415 (OH). 
max. 
•"•H-NMR : d 5.01 (m, Wl/2 -^  8Hz, CSa-H, equatorial, A/B ring 
junction cis)-^^'^^, 4.53 (m, Wl/2 = 7Hz, C6i3-H, axial), 
2.45 (s, C6a-0H, exchangeable with deuterium), 1.32 
(CSp-CHg), 0.78 (CI3-CH3), 0.92, 0.86 and 0.82 (other 
methyl protons). 
Further elution with petroleum ether - ether (l:l) gave 
3^-hydroxy-6p-fluoro-5a-stigmast-5a-ol ( CLXII ) (0.815 g, 1.29 
m mol) as an oil. It gave positive Beilstein test. 
Analysis found : C, 77.3; H, 11.5 
2^9^ 51^ *^ 2 requires : C, 77.3; H, 11.4%. 
IR : ^  3420 (OH), 740 cm""^  (C-F). y max. 
•"•H-NMR : d 5.05 (m, V/l/2 - 16Hz; C3a-H, axial, A/B ring 
42 junction trans) , 4.16 (m, V/l/2 - 4Hz, C6a-H, 
equatorial), 2,42 (s, C5a-0H, exchangeable with 
deuterium), 0.93 (CIO-CH3), 0.63 (C13-CH^), 0.83, 
0.73 (other methyl protons). 
3g-Acetoxy-stiqmast-5-ene 
A mixture of p-sitosterol (50.0 g), pyridine (75 ml, 
freshly distilled over KOH) and freshly distilled acetic anhy-
: 69 : 
dried" (50 ml) was heated on a steam bath for 2 hrs. The 
resulting brown solution was poured on to crushed ice-water 
mixture with stirring. A light brown solid was obtained which 
was filtered under suction, wasiied with water to remove pyri-
dine and air dried. The cruae product on recrystallization 
fromi acetone gave pure 3i3-acetoxy-stigmast-5-ene (45.0 g), 
m.p. 120°. 
3i3-Acetoxv-5.6a-epoxy-ba-stiumastane ( CXLVII ) 
3p-Acetoxystigmast-5-ene (10 g) in chloroform (lOO ml) 
was treated with a solution of perbenzoic acid (l.l mol 
equivalent) in chloroform and left for 20 hrs. at a tprnpcraturc-
of -8 . The reaction mixture was then washed successively with 
ice-cold sodium bicarbonate solution (59o), water sodium thio-
sulphate solution (5%) and water. Evaooration of the solvent 
gave an oil which was chromatographed over silica gel column. 
Elution with light petroleum ether - eth^r (10:1) gave a solid 
compound which was recrystallized from acetone as needles to 
afford epoxide ( CXLVII ) (8.0 g), m.p. 110°C. 
Analysis found : C, 78.74; H, 11.09 
3^1^ 52*^ 3 ^ '^ q^ i^ es : C, 78.7 ; H, U.O^J. 
h 
IR : Omax. ^'^^^ ^~ \~/^ "'^ ' ^"^^^^ .12-0 ^-.m (CFI^ -C-O) . 
0 
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^H-NAe : d 5 .01 (br m, C3a-H; '.Vl/2 = ISHz), 3 .43 (Coji-", 
Wl/2 = 9Hz), 1.2, 1.16, 0 . 9 , 0 .78 and 0.65 (o^nor 
methyl n r o l o n s ) . 
Reac t ion of S g - a c e t o x y - S . 6 a - e p o x v - 5 a - s t i q m a 5 t a n e ( CXLVII ) with 
B F ^ - e t h e r a t e i n benzene : 3p-A.cetoxy-5a-st igrnast ^n-G-nne ( CLI "i 
36-ace toxv-5B.14 ; j -d imethv l -18 . 1 9 - b i s n o r - 1 0 a - s t i Q m a s t - 1 3 ( 17}-en-Ga-
ol ( CLV ) . 3 e - a c e t o x v . 5 t J - m e t h v l - 1 9 - n o r - s t i q m a s t - 9 ( l C ) - e n - 6 a - o l 
( CLIX ) and 3>.-acetoxv-6i3-f l u o r o - 5 a - s t i q m a s t - 5 a - o l ( CI XII I ) 
The epoxide ( CXLVII ) (4 g , 8 . 4 7 mmol ) in honzpnp (280 r . i ; 
^ as t r e a t e o with BFo~ethera te (4 r l , o.C32 m m o l ) . Und-^r ^ i m i l i r 
r e a c t i o n c o n d i t i o n s as d e s c r i b e d e a r l i e r . ' Jsuai .o^i^ up and 
evaoora t ion of the so lven t a f io rded an o i l which wab 
chromatoyraphtu ovei s i l i c a ge l column. E l a t i o n v.itn p t t : o loum 
e t h e r - e t h e r (25 :1) gave a s o l i d which was r e c r y s t d l l i z o u from 
petroleum e t h ^ r to afford 3 /3 -ace toxy-5a - s l igmas tan -o -on t ( CLI ) 
( 0 . 6 g, 1.27 mmol ) , n . p . 120-122'^. 
Ana lys i s found : C, 78 .74 ; H, 11.09 
^31^52^3 ^®4^i^es : C, 78 .76; H, 11.08%. 
IR : v^  ^ ^ 1^30, 1240 (-0-C-CH„), 1705 cm~^ (>C-0) . 
-^ H-NJVIR : d 5 .1 (m, Wl/2 - 17Hz, C3a-H, a x i a l , A / B r i n . . 
j u n c t i o n t r a n s ) , ^ . 0 ] {-,, -O-C-CH^), 0 .93 (ClO-CH^), 
0 .73 (C13-CH^), 0 . 8 3 , 0 .63 ( o t h e r methyl p r o t o n s ) . 
: 71 : 
Elution with petroleum ether - ether (10:1) furnished 
3 |3-acetoxy-5^,14p-dimethyl-18,19-bisnor-10a-st igmast-13(l7)-en-
6a-ol ( CLV ) (0 .4 g, 0.847 mmol) as a non -c rys t a l l i z ab l e o i l . 
Analysis found : C, 78.74j H, 11.09 
^31^52^ ^^qui^es : C, 78.76; H, 11.08%. 
IR : A 3400 (-0H), 1725, 1240 cm""^  (-0-S-CH^). }ymax. ^ 3 
^H-NMR : d 5.06 (br m, Wl/2 = 8Hz, C3a-H, equatorial, 5p,10a-
configuration for A/B ring junctions) * , 3.48 (s, 
C6a-0H, exchangeable with deuterium), 3.23 (br m, 
Wl/2 = 9Hz, C6P~H, axial), 2.45 (m, C20-allylic 
proton)^^, 2.01 (s, O-C-CH3), 1.12 (CSp-CHg), 0.93 
(CI4P-CH3), 0.86, 0.82 (other methyl protons). 
Elution with light petroleum ether - ether (5:1) and recry-
stallization from methanol furnished 3^-acetoxy-5p-methyl-19-
nor-stigmast-9(lO)-en-6a-ol ( CLIX ) (0.5 g,1.05 mmol ), m.p. 170°. 
Analysis found : C, 78.74; H, 11.09 
^31^52^3 ^^q^i^^s : C, 78.76; H, 11.08?^. 
-1 :-o-§. IR : 0\ ^ . 3400 (-0H), 1730, 1240 cm"^ (_o-C-CH,) 1/ ma X. o 
•'•H-NMR : a 5.01 (br m, Wl/2 = 8Hz, C3a-H, equatorial, A/B ring 
junction cis) ' , 3.48 (s, C6a-0H, exchangeable 
with deuterium), 3.23 (br m, Wl/2 = 9Hz, C6p-H, axial), 
: 72 : 
i, -0-C-2.01 (s O-C-CH3), 1.12 (C5P-CH3), 0.78 (CI3-CH3), 
0.92, 0.86, 0.82 (other methyl protons). 
Further elution with light petroleum ether - ether (1:1) 
gave 3^-acetoxy~6p-fluoro-5.a-stigmast-5a-ol ( CLXIII ) (C.bC a, 
l.Olmmol) as an oil. It gave positive Beilstein test. 
Analysis found : C, 75.56; H, 10.84 
^31^53^^3 ^®'^"^^®s : C, 75.57; H, 10.85?^. 
IR ' D ,«.v 3400 (OH), 1730, 1240 (-0-C-CH^), 740 c 
(C-F). 
-1 
m 
•^ H-NMR : d 5.1 (br m, WI/2 = 17Hz, C3a~H, axial, A/B ring 
junction trans) , 4.2 (m, Wl/2 = 4Hz, C6a-H equa-
torial), 3.48 (s, C5a-0H, exchangeable with deuterium), 
2.01 (s, -O-C-CH3), 0.93 (CIO-CH3), 0.63 (CI3-CH3), 
0,83, 0,73 (other methyl protons). 
Cholest-5--ene 
3^-Chlorocholest-5-ene (15.0 g) was dissolved in warm amyl 
alcohol (300 ml) and sodium metal (35.0 g) was added in small 
portions to the solution with continous stirring over a period 
of 8 hrs. The reaction mixture was heated now and then during 
the course of reaction in order to keep the sodium metal dissolved, 
The reaction mixture was poured into water, acidified with HCl 
: 73 : 
and allowed to stand overnight. A white crystalline solid was 
obtained which was filtered under suction and washed throughly 
with water and dried. Recrystallization of crude material from 
o 45 
acetone gave compound in cubes (10.8 g), m.p. 93 (reported , 
m.p. 89.5-91.5°). 
5«6a-Epoxv-5a~cholestane ( CXIa ) 
Cholest-5-ene (6 g) in chloroform (40 ml) was treated with 
a solution of perbenzoic acid (1.1 mol equivalent) in chloroform 
and left at -8 for 20 hrs. The reaction mixture was washed 
successively with ice-cold sodium bicarbonate solution (5^), 
water and sodium thiosulphate solution (5%) and then water and 
dried over sodium sulphate (anhydrous). Evaporation of the solvent 
yielded ( CXIa ) as an oil which was crystallized from acetone as 
needles (4.3 g), m.p. 76° (reported , m.p. 76°). 
Reaction of 5«6a-epoxv-5a-cholestane ( CXIa ) with thioqlycolic 
acid ; 63-Formyloxv-5a-cholestan-5-ol ( CLXIV ) and 5a-cholestane-
5.6e-diol ( CXIIa ) 
To a stirred solution of the epoxide (2.0 g, 5.1 m mol) in 
DMF (dry, 20 ml) were added lithium bromide (catalytic amount) 
and thioglycolic acid (dry, equimolar). Stirring was continued 
for 12 hrs. at 60-80 temperature. After completion of the 
reaction, the solvent was evaporated under reduced pressure and 
: 74 : 
the residue was extracted with ether. The organic layer was 
washed with water, sodium hydrogen carbonate solution (5%) and 
again with water and dried over sodium sulphate (anhydrous). 
Evaporation of the solvent left an oil which was chromatographed 
on a silica gel column (40 g). Elution .with petroleum ether -
ether (25:1) and recrystallization from petroleum ether afforded 
6^-formyloxy-5a-cholestan-5-ol ( CLXIV ) (1.0 g, 2.3 m mol), 
m.p. 121 . 
Analysis found : C, 77.74; H, 11.12 
^28^48^3 ^^q^i^^s : C, 77.78; H, 11.11%. 
O 
IR ' ^..ov 3450 (OH), 1700 cm"^ (O-C-H). 
•••H-NMR : d 8 .10 ( s , -O-C-H), 4 .76 ( s , C6a-H, a x i a l ) , : . ^ 3 ( s , 
C5ci:-0H, exchdngeabie witn a e u t e r i u m ; , 0.V3 ^CxU-CU^' • 
0 .73 (CI3-CH3), 0 . 8 5 , 0 .82 (other methyl protons ) . 
•••^ C-NMR : d 12.12 (C-18), 16.261 (C-19), 20 .55 ( C - l l ) , 23 .84 
(C-15) , 24.043 (C-1) , 27.99 (C-7) , 28 .19 (C-2) , 30.62 
(C-16) , 35.79 (C-8) , 36.13 (C-12) , 38 ,84 (C-17), 
39 .48 (C-10), 39.88 (C-4) , 42.68 (C-13) , 45.59 ( C - 9 ^ 
55 .78 (C-14), 56 .14 (C-3) , 73 .34 (C-5) , 77.33 (C-6) , 
0 
160.569 (-0-C-H), 18 .639, 20 .26 , 2 0 . 6 2 , 22 .55 , 2 2 . 8 1 , 
31.06, 31.79, 33.06 (side chain carbon atoms). 
: 75 : 
MS : 432 (5.0, C^Q^^QO^^* 417 (2.0, C27H45O3), 415 (18.0 
(C28H47O2), 414 (57.0, C28H4^02), 399 (2.0, C27H43O2), 388 (2.0), 
387 (13.0), 386 (27.0, C27H4^0), 372 (6), 371 (22.0, C2^H430), 
370 (9.0, C27H4^;, 369 (43.0), 368 (100.OO), 367 (2.0), 357 (l.O), 
355 (3.0, C26H43), 354 (12.O), 353 (40.0), 344 (l.O), 343 (l.O), 
342 (1.0), 331 (5.0), 319 (8.3, C20H31O3), 301 (3.0, C20H29O2), 
283 (3.0), 275 (7.0), 274 (19,0), 273 (12.0, Cj^9H290), 264 (2.0), 
263 (7.0), 262 (3.0), 261 (6.O), 260 (14.O), 259 (11.O), 257 (2.0, 
^19^29^* 256 (4.0), 255 (19.0), 248 (2.0), 247 (8.O), 246 (7.0), 
245 (3.0), 242 (2.0), 241 (2.0), 233 (18.0), 232 (16.O), 231 (22.0), 
230 (5.0), 229 (26.0), 228 (56.0), 227 (8.O), 220 (l.O), 219 (2.0), 
218 (1.0), 217 (5.0), 216 (15.O), 215 (33.0), 214 (40.0), 213 
(60.0), 206 (2.0), 203 (3.0), 202 (2.0), 201 (8.O), 200 (4.0), 199 
(14.0), 193 (1.0), 191 (1.0), 190 (l.O), 189 (3.0), 187 (3.0), 
186 (4.0), 185 (7.0), 178 (2.0), 177 (3.0), 176 (1.0), 175 (3.0), 
174 (2.0), 173 (5.0), 172 (7.0), 171 (6.0), 165 (2.0), 164 (2.0), 
163 (4.0), 161 (11.0), 160 (10.0), 159 (24.0), 158 (2.0), 157 
(2.0), 153 (3.0), 152 (12.0), 151 (3.0), 150 (2.0), 149 (9.0), 
148 (6.0), 147 (11.0;, 146 (6.0), 145 U3.0), 139 (l.O), 138 (3.0), 
137 (3.0), 136 (6.0), 135 (10.O), 134 (4.0), 133 (6.0), 131 (2.0), 
126 (7.0), 125 (30.0), 124 (7.0), 123 (11.O), 122 (19.0), 121 
U.O;, 120 (3.0), 119 (3.0), 118 (l.O), 113 (l.O), 112 (8.0), 
111 (5.0), 110 (4.0), 109 (15.0), 108 (36.0), 107 (8.0;, 106 (2.0J, 
105 (3.0), 98 (2.0), 97 (5.0), 96 (4.0), 95 (12.0), 94 (4.0), 93 
(5.0), 91 (1.0), 85 (3.0;, 83 (9.0;, 82 (5.0), 81 (10.O), 79 
(1.0;, 71 (6.0J, 70 (1.0), 69 (6.0), 67 (2.0), 57 (10.0), 56 (3.0), 
55 (2.0). 
: 76 : 
Further elution with petroleum ether - ether (1:1) gave a 
solid which was recrystallized from petroleum ether to afford 
5a-cholestane-5,6P-diol ( CXIIa ) (0.630 g, 1.55 m mol), m.p. 
122-123° (reported^^, m.p. 125°). 
Reaction of 3g--chloro-5« 6a-epoxy-5a-cholestane ( CXIb ) with 
thioqlycolic acid ; 3g-Chloro-6g-formvloxv-5a-cholestan-5-ol 
( CLXV ) and 33-chloro-5a-cholestane-5.6S-diol ( CXIIb ) t 
To a stirred solution of the epoxide (2.0 g, 4.75 mmol) in 
DMF (dry, 20 ml) were added lithium bromide (catalytic amount) 
and thioglycolic acid (dry equimolar), under similar reaction 
conditions as described earlier. After usual work up and evapo-
ration of the solvent furnished an oil which was 
chromatographed on a silica gel column (40 g). Elution with 
petroleum ether - ether (20:1) and crystallization from petroleum 
ether afforded 3p-chloro-6P-formyloxy-5a-cholestan-5-ol ( CLXV ) 
(1.2 g, 2.57 m mol), m.p. 152°. 
Analysis found : C, 72.04; H, 11.0 
^28^47^'^^3 ^^ '^ i^^ s^ • ^* 72.02; H, 10.07^. 
IR : ,V ^ 3430 (-0H), 1700 (-0-fi-H), 740 cm""^  (C-Cl) . 
•"•H-NMR : d 8.10 (s, -O-C-H), 4.80 (s, C6a-H), 4.32 (m, Wl/2 -
17Hz, C3a-H, axial, A/B ring junction trans),,. .4*^  v3, 
CSd-OH, exchangeaoie with deuterium), 0.90 (CiO-CH3;, 
0.73 (CI3-CH3), 0.86 and 0.80 (other methyl protons). 
: 77 : 
13, C-^ JMR : d 12.12 (C-18), 16.261 (C-19), 20.55 (C-ll), 23.84 
(C-15), 24.043 (C-1), 27.99 (C-7), 28.19 (C-2), 
30.62 (C-16), 35.79 (C-8), 36.13 (C-12), 38.84 (C-17), 
39.48 (C-10), 39.88 (C-4), 42.68 (C-13), 45.59 (C-9), 
55.78 (C~14), 56.14 (C-3), 73.34 (C-5), 77.33 (C-6), 
160.569 (-0-C-H), 18.639, 20.26, 20.62, 22.55, 22.81. 
31.06, 31.79, 33.06 (side chain carbon atoms). 
MS 466/468 (15.0/5.0, C2gH47C102), 451/453 (7.5/2.5, 
C^^H.-CIO-), 449/45J (21.25/7.1, C^ ,,H , C10_), 448/450 
(68.75/22.92, 023^:^^0102), 436 (1.25;, 433/435 (3.5/1.1, 
^TI^A'f^^2^' 43'2 (2.5), 43 (6.25), 430 (10.25; 
^28^46^^' 420/422 (40.0/13.1, Z^^W^^IO), 415 (1.25, 
C27H43O3), 414 (2.5), 413 (3.75), 412 (7.5, C2QH4^02), 
408 (1.25), 405/407 (10.0/3.33; C2^H42^-^^^' 404/406 
(33.0/11.0, C^^H^p^Cl), 403 (36.0), 402 (79.00), 397 
(1.25), o9o a.O^, 394 (1.2), 393(1.0), 392 U.25), 
390 (7.25), 389/391 (36.25/12.08; C2^H^2^^^' ^^^ (22.0), 
387 (100), 386 (7.25), 385 (30.0), 384 (40.0), 383 
(1.25), 382 (1.25), 380 (1.25), 379 (1.25), 378 (2.5), 
377 (2.5), 376 (5.0), 372 (1.25), 371 (1.25), 370 
(10.0), 369 (27.0), 368 (9.0 , C2yH^^), 367 (30.25), 
366 (55.0), 365 (1.25), 364 (1.25), 363 (1.25), 360 
(1,25), 359 (1.25), 358 (1.25), 357 (2.10), 356 (6.25), 
5/2.08, C2QH3QCIO3), 352 (7.25), 351 (22.0), 
/^-^AO (1.25), 3^8 (1.25), 335/337 (3.75/1.25, C„„H_„C10.), 
: 78 : 
333 (1.25), 332 (1.25), 331 (4.75), 330 (5.0), 329 (1.25), 328 
(1.25), 327 (5.0), 326 (14.75), 325 (7.25), 324 (1.25), 319 
(1.25), 318 (1.25), 317 (6.25), 316 (1.25), 315 (1.25), 314 
(1.25), 313 (1.25), 312 (5.0), 311 (3.0), 310 (9.0), 
30//3U9 (7.25/2.41), 303 (1.25), 302 (4.25), 301 (6.25), 300 
(1.25), 299 (2.5), 298 (1.25), 297 (2.5), 296 (10.O), 295 (12.50), 
294 (23.25), 291/293 (7.25/2.41), 292 (10.O), 290 (11.25), 
289 (25.0), 288 (3.25), 287 (3.25), 286 (1.25), 285 (1.25), 283 
(1.25), 282 (3.25), 281 (6.25), 280 (7.0), 279 (5.0), 278 (3.25), 
277 (3.25), 276 (7.25), 275 (8.25), 274 (1.25), 273 (3.25), 272 
(4.50), 271 (10.0), 270 (1.50), 269 (4.5), 268 (12.O), 267 (17.0), 
266 (25.0), 265 (50.0), 264 (76.25), 263 (45.0), 262 (lOO), 261 
(21.0), 260 (3.25), 259 (3.0), 258 (3.25), 257 (4.25), 256 (1.25), 
255 (2.5), 254 (5.0), 253 (15.25), 252 (5.0), 251 (14.0), 250 
(38.0), 249 (49.25), 248 (63.50), 247 (78.50), 246 (6.25), 244 
(1.0),,244 (7.50), 243 (3.25), 241 (1.25), 240 (2.5), 239 (3.25), 
238 (1.25), 237 (7.25), 236 (5.0), 235 (14.0), 234 (6.25), 233 
(22.50), 232 (3.25), 231 (6.25), 230 (10.O), 229 (13.75), 228 
(5.0), 227 (24.0), 226 (18.0), 225 (10.O), 224 (1.25), 223 (3.0), 
222 (2.5), 221 (7.50), 220 (5.0), 219 (12.50), 218 (1.25), 217 
(5.0), 216 (1.25), 215 (4.0), 214 (7.75), 213 (35.50), 212 (23.25), 
211 (70.25), 210 (2.5), 2o9 (3.25), 208 (6.25), 207 (11.25), 206 
(13.25), 205 (12.25), 197 (24.0), 196 (10.25), 193 (27.0), 190 
(30.0), 185 (15.0), 183 (10.5), 163 (10.0), 162 (6.25), 161 (18.72) 
160 (7.25), 159 (45.0), 158 (27.0), 157 (26.0), 156 (10.O), 152 
: 79 : 
(51.25), 149 (42.25), 147 (18.O), 146 (10.0), 145 (17.25), 
144 (9.0), 143 (15.0), 140 (1.25), 139 (3.25), 136 (18.0), 
135 (42.0), 133 (15.0), 132 (6.0), 131 (13.50), 129 (4.50), 
127 (1.5), 126 (4.50), 125 (5.0), 124 (7.25), 123 (33.0), 122 
(57.0), 121 (24.0), 120 (21.0), 119 (18.O), 118 (48.0), 117 
(4.50), 109 (48.0), 108 (80.50), 107 (22.50), 106 (6.25), 105 
(12.25), 104 (1.25), 97 (20.0), 96 (12.25), 95 (35.0), 94 (13.25), 
93 (15.0), 85 (6.25), 83 (25.0), 82 (18.25), 81 (26.25), 80 
(3.25), 79 (4.5), 74 (6.25), 71 (21.25), 70 (7.25), 69 (20.O), 
68 (6.25), 67 (5.0), 59 (1.25), 58 (1.25), 57 (28.25), 56 (6.25), 
55 (7.50). 
X-ray analysis : 
Crystal and Experimental data : C^oH.yO-Cl, M, 467.11, 
Monoclinic, space group P^,, a = 18.561 (2) A°, b = 9.6233 (8), 
no q 
c = 7.8360 (1), V = 1399.65 A , z = 2, DX = 1.33 g/cm , R = 
0.0970. No. of reflection used = 2346. Measurement : Riga Ku 
AFC-4, Program system : UNICS III. The structure was solved 
using Multan 78. Reflinment : Block diagonal least squares. 
Hydrogen atom coordinates were calculated assuming ideal geo-
metry and were included in the refinement with isotropic 
temperature factors. Final atomic coordinates, bond length and 
angles are given in Table-1, 2 and 3 respectively. 
80 
Table ~ 1 : Final Atomic Cordinates (xlO ), and Equivalent 
Isotopic Temperature Factors (Beq/A ) of Non-Hydrogen 
Atoms, with Estimated Standard Hevi j'-i en-, in 
Parentheses. 
Atomic parameters, Pobitional parameters are multiplied by 10 4, 
** Thermal parameters are given by the equivalent tern, factors (A 2) 
Atom 
CL 1 
0 1 
0 2 
0 3 
C 1 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C 11 
C 12 
C 13 
C 14 
C 15 
C 16 
C 17 
C 18 
C 19 
C 20 
C 21 
C 22 
C 23 
C 24 
C 25 
C 26 
C 27 
C 28 
X 
4639 
4997 
6324 
6122 
6874 
6139 
5487 
5517 
6248 
6924 
7636 
7647 
6985 
6255 
8358 
9069 
9061 
8350 
8489 
9318 
9672 
10446 
10817 
10939 
11664 
12066 
12536 
12914 
13196 
6913 
9118 
5508 
[i\ 
(3) 
(3) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
\tl 
(4) 
(4) 
(4) 
(4) 
C4) 
(5) 
(5) 
(4) 
(4) 
(5) 
(5) 
(5) 
(9) 
(9) 
(8) 
C5) 
(4) 
(5) 
(5) 
Y 
3483 
588 
4311 
573 
3686 
3605 
3749 
2745 
2890 
2622 
2848 
1881 
2134 
2043 
2144 
1842 
2862 
2681 
1364 
1512 
2138 
1557 
2049 
1940 
1105 
1147 
2404 
2422 
2666 
1150 
339 
-21 
[I 
( 7 
I 6 
(10, 
(12, 
Cll< 
(10; 
( 8, 
{ 9, 
( 8. 
[I: 
( 8, 
( 9, 
( 9 
(10. 
(11> 
(11< 
(13, 
(10, 
(12; 
(17; 
(13, 
(20, 
(21, 
(20, 
(21, 
(11> 
(10; 
(11> 
(11; 
Z 
) 504( 4) 
) -5367(11) 
) -2838( 7) 
) -3667( 6) 
) 671(10) 
) 1278(11) 
) -248(11) 
) -1720(10) 
) -2294( 9) 
) -787( 9) 
) -1509( 9) 
) -3094( 8) 
) -4550( 8) 
) -3966( 8) 
> -3713( 9) 
) -2352( 9) 
) -828(10) 
> -118(10) 
) -5345(10) 
) -5283(11) 
) -3425(10) 
-2819(11) 
-984(14) 
) -4151(14) 
-3834(16) 
I -5300(21) 
-5380(21) 
) -7028(20) 
-3891(12) 
-13( 9) 
) -1714(11) 
) -4448(11) 
Beq/Biso 
6.3 
6.9 
3.5 
3.1 
3.5 
4o3 
4ol 
3.4 
2.6 
2.7 
2.7 
2.7 
2.7 
2.6 
2.8 
2.9 
3.7 
3.8 
3.7 
4.5 
3.4 
4„3 
6o9 
.^.3 
8.3 
9.5 
9.6 
9.3 
4.3 
3.3 
4.3 
4.0 
: 81 : 
laoie i. Coniinueu 
Anisotropic thermdl parameters 
These are of the form o x p (-(Bll-h^*^+2*B12*h*k+ 
and are multiplied by 10**4„ 
Atom Bll 822 833 812 813 B23 
CLl 
0 1 
0 2 
0 3 
C 1 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
CIO 
C i l 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
27 
33 
2 3 
19 
22 
27 
22 
19 
16 
2 0 
2 0 
19( 
12 ( 
14 
19 
18( 
2 0 
21< 
281 
2 3 
2 1 
17 
22 ( 
2 6 
22 
67 
75( 
71< 
32 ( 
23 ( 
31 ( 
U 
2 
2 
2 
13 
3 
[2 
2 
2 
(2 , 
'2. 
2 . 
2 , 
[2, 
\2, 
2> 
3 , 
3 , 
3 , 
3 , 
2 , 
3 , 
3 , 
3 , 
3 , 
3 , 
. 3 ; 
' 7 ; 
• 8 > 
'Q: 
2 8 ( 3 ; 
) 2 7 8 ( 6 
) 1 6 6 ( 1 2 
) 88 ( 7 
) 90 ( 7 
) 1 0 6 ( 1 1 
) 1 5 4 ( 1 4 
) 1 4 9 ( 1 5 
) 1 0 8 ( 1 1 
) 74f 9 
) 9 6 ( 1 0 
) 7 8 ( 9, 
) 1 0 0 ( 1 0 
) 1 1 1 ( 1 1 
9 0 ( 1 0 , 
) 9 7 ( 1 0 , 
8 9 ( 1 0 
) 1 3 0 ( 1 3 
1 4 1 ( 1 4 , 
) 1 3 4 ( 1 3 , 
) 1 9 7 ( 1 7 , 
) 1 0 9 ( 1 2 , 
) 1 6 9 ( 1 6 , 
) 3 0 2 ( 2 8 , 
) 1 8 5 ( 1 8 , 
) 4 1 0 ( 3 6 ^ 
> 2 6 7 ( 1 1 , 
) 2 4 8 ( 1 2 ; 
2 5 1 ( 1 3 , 
1 2 0 ( 2 9 ; 
1 1 0 ( 2 9 ; 
> 1 0 9 ( 2 8 ; 
1 2 ' / ( 1 2 ) 
) 2 3 0 ( 5 ) 
) 3 5 8 ( 2 1 ) 
) 1 6 6 ( 1 1 ) 
) 1 3 2 ( 9) 
) 1 4 2 ( 1 4 ) 
) 1 4 4 ( 1 5 ) 
) 1 5 9 ( 1 6 ) 
) 1 4 5 ( 1 4 ) 
) 1 0 6 ( 1 2 ) 
) 7 5 ( 1 1 ) 
) 9 4 ( 1 1 ) 
) 7 0 ( 1 0 ) 
) 9 2 ( 1 1 ) 
) 9 4 ( 1 1 ) 
) 9 2 ( 1 2 ) 
) 1 1 6 ( 1 2 ) 
) 1 4 4 ( 1 5 ) 
) 1 2 1 ( 1 4 ) 
) 1 0 6 ( 1 2 ) 
) 1 3 2 ( 1 4 ) 
) 1 4 6 ( 1 4 ) 
) 1 8 4 ( 1 7 ) 
) 2 6 0 ( 2 4 ) 
) 2 6 6 ( 2 3 ) 
3 0 9 ( 2 7 ) 
) 4 1 2 ( 1 3 ) 
4 1 0 ( 1 7 ) 
) 3 9 6 ( 1 5 ) 
1 8 1 ( 3 9 ) 
1 1 0 1 4 1 ) 
iniAO) 
1 4 9 ( 1 7 ) 
1 8 ( 
- 1 6 ( 
6 ( 
- 5 ( 
i^ [ 
8 ( 
l\ 
6 ( 
- 2 ( 
J[ 
- 3 ( 
J[ 
- 1 ( 
- 2 ( 
- 4 ( 
- 2 ( 
- 1 ( 
- 1 2 ( 
6( 
- 1 0 { 
3 ( 
- 2 ( 
- 9 ( 
- 5 ( 
- 4 ( . 
- 4 ( . 
2 ) 
5 ) 
3 ) 
3) 
5) 
6) 
5 ) 
4 ) 
4 ) 
4 ) 
4 ) 
4 ) 
4 ) 
4 ) 
4 ) 
4 ) 
5 ) 
5) 
5) 
6) 
5) 
5 ) 
8) 
6) 
9 ) 
5) 
5 ) 
5 ) 
L3) 
L4) 
- 2 ( 1 4 ) 
- 1 0 ( 6 ) 
Z9{ 
- 5 ( 
2 ( 
K 
8 ( 
9( 
-'A 
- 2 ( 
-1[ 
-K 
-t{ 
t 
-l\ 
10 ( 
12( 
13( 
12 ( 
- 7 ( 
39 ( 
3S( 
39 ( 
3 2 ( 
34 ( 
14( 
6 ( -
- 3 ( 
2 ( 
2 ) 
6) 
3) 
3) 
5) 
5) 
5) 
5) 
4 ) 
4 ) 
4 ) 
4) 
4 ) 
4 ) 
4 ) 
4 ) 
5) 
5 ) 
5) 
5) 
5 ) 
5) 
7 ) 
7 ) 
5) 
4) 
6) 
5 ) 
13) 
14) 
M) 
6) 
- 6 8 ( 5) 
- 3 6 ( 1 3 ) 
32 ( 8) 
- 5 ( 7 1 
- 2 7 ( 1 1 ) 
- 3 1 ( 1 3 ) 
- 3 2 ( 1 3 ) 
1 1 ( 1 1 ) 
- 5 ( 9) 
- 9 ( 9) 
- 5 ( 9) 
0 ( 9) 
1 ( 1 0 ) 
- 1 ( 9) 
3 ( 1 C ) 
6 ( 9 ) 
- 3 3 ( 1 2 ) 
- 2 1 ( 1 2 ) 
- 2 1 ( 1 1 ) 
- 9 ( 1 4 ) 
6 ( 1 1 ) 
- 3 6 ( 1 4 ) 
- 1 2 0 ( 2 3 ) 
- 2 6 ( 1 8 ) 
- 1 0 5 ( 2 8 ) 
- 1 1 ( 1 0 ) 
3 ( 1 2 ) 
- 3 ( 1 2 ) 
O ( ? L ; 
2 ? ( . l ) 
3 6 ( 3 0 ) 
- 3 3 ( 1 3) 
,.o 
Tdole 1. Coiit iiiueci 
Mean square displacerr.ent t en so r of atoms 
these v a lue s ur.'. m u l t i p l i e d by lC)-'<"*4. 
Atom U l l U22 U33 U12 'J13 U23 
CLl 
0 1 
0 2 
0 3 
C 1 
C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
CIO 
Cll 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
447 ( 
f >J3 ( 
376( 
322 ( 
366( 
447 ( 
374 ( 
317( 
270( 
326{ 
334( 
310( 
208 { 
237( 
314( 
303 ( 
334( 
355C 
466( 
383( 
358 ( 
282( 
366 C 
433 { 
371( 
112 8 ( 
1252 ( 
1187( 
536 ( 
12 
40 
30, 
27, 
41 
46, 
44, 
39 
35; 
37, 
37; 
36; 
32, 
33, 
37, 
37, 
40, 
42, 
46, 
45, 
40, 
40, 
51, 
51, 
53, 
42, 
54, 
49, 
121, 
385(129, 
524(126, 
467 ( 53; 
) 1305( 
) 778 ( 
) 412( 
) 423 ( 
) 497 ( 
) 724 ( 
) 700 ( 
) 507 ( 
I 349( 
) 453 ( 
368( 
) 469( 
519( 
) 423 ( 
) 457 ( 
> 416( 
) 608 ( 
) 661( 
) 628( 
) 926( 
) 511( 
) 795( 
) 1418( 
) 868( 
1 1926( 
) 1252 ( 
) 1163( 
) 1175( 
) 561 ( 
27, 
56 
32, 
32; 
53; 
67, 
69, 
52, 
44 
46, 
44; 
49, 
51 
46, 
4J, 
48, 
61, 
63, 
60] 
80, 
54, 
73; 
i 3 i ; 
86, 
167, 
53, 
58, 
59; 
136, 
) 515(135, 
) 511(130: 
572 ( 58, 
) 685( 
) 1066( 
) 495( 
) 394( 
422 ( 
) 430 ( 
473 ( 
431( 
) 317( 
> 223( 
281( 
) 209( 
) 273( 
) 280( 
) 274( 
) 347 ( 
) 430 ( 
) 361( 
316( 
) 392 ( 
1 435( 
547 ( 
775( 
) 793( 
) 921( 
) 1227( 
) 1220( 
) 1181( 
) 539( 
) 329( 
529 ( 
I 444 ( 
15 
61 
32, 
27 
42, 
44 
46, 
43, 
35 
32 
34, 
31, 
33, 
33, 
35 
37, 
43, 
41, 
37, 
42, 
42, 
49, 
72, 
67, 
79, 
37, 
50, 
45, 
117, 
122, 
119, 
51; 
) 158( 
) -145( 
) 49( 
) -45 ( 
) 33( 
) 149( 
) 69( 
) 83( 
) 55( 
) 50( 
) -16( 
) 33( 
) -39( 
) -27 ( 
) 16( 
) -24( 
) -13( 
) -15( 
> -35( 
-17f 
) -9( 
) -107( 
) 50( 
) -89( 
) 27( 
) -20 ( 
) -80 ( 
) -34 ( 
) -34 ( 
) -17 ( 
-86( 
17) 
44) 
28) 
26) 
43) 
54) 
48) 
40) 
33) 
35) 
35) 
36) 
35) 
34) 
37) 
35) 
43) 
44) 
48) 
53) 
41) 
46) 
70) 
56) 
82) 
42) 
48) 
45) 
116) 
120) 
120) 
49) 
201( 
-312( 
-38( 
14( 
4( 
57 ( 
63 ( 
27( 
-31( 
-17( 
-39( 
-18{ 
-8( 
-41( 
32 f 
19( 
14f 
-b9( 
74( 
32 ( 
93( 
84 ( 
-48 ( 
275( 
269( 
277( 
228( 
237( 
101( 
11, 
40 
24, 
21 
32, 
35) 
35 
32, 
28, 
27, 
28] 
26, 
25, 
2 5, 
28; 
29, 
33, 
32; 
33; 
35; 
33, 
35; 
47, 
47, 
53 
31, 
40, 
36, 
94; 
42(100) 
-23( 
12 ( 
97, 
-u) 
) -253( IS) 
) -136( 50) 
) 118( 2 9) 
) -19( 26) 
-100( 42) 
-116( 50) 
-121( 48) 
) 40( 42) 
) -I3( 33) 
-33( 32) 
-17( 34) 
) 0( 33) 
) 3( -6) 
) -5( 35) 
10( 3c) 
) 22 ( '}b) 
) -123( 45) 
-7 9( 44) 
-78( 43) 
-35( 51) 
21 ( -1.:) 
-136( 'J1) 
I -443( 8b) 
) -98( 66) 
) -393(104) 
) -40 ( 3 9) 
) 11( 46) 
) -13( 44) 
2(115) 
84(114) 
135(111) 
-123 ( -iS) 
Fao (1 ,0 ) (1 .1 ) (2o2) (3o3) (1 .2 ) (1 .3) 
167146.9 46915.7 29790.9 88554.0 70565.3 
Uij in the express ion exp ( -2 (Pa i )**2 (Ul l (ha* ; (ha* )^'J22 (kb*) (kb*) + . .+ 
B(equiv) == (4/3) t r a c e (Beta*G) 
: 83 
Jciul' ] . Cont inuf.'d 
Atomic p a r a m e t e r s 
• K - * 
P o s i t i o n . , . ! p a r a m e t e r s dj e m u l t i p l i e d by 10 3 
Atom X Z B 
H 1 
H 1' 
H 2 
H 2* 
H 3 
H 4 
H 4' 
H 7 
H 8 
H 9 
H 9' 
HIO 
Hll 
H13 
H13' 
H14 
H14' 
Hlb 
H15' 
H16 
H16' 
H17 
H18 
H19 
H19' 
Hiy* • 
H20 
H20' 
H21 
H21 • 
H22 
H22' 
H23 
H24 
H24' 
H24' • 
H25 
H2b' 
H2b' ' 
H26 
H26' 
H 2 6 " 
H27 
fi'27' 
H27' • 
H2B 
H02 
731(5) 
694(5) 
611(6) 
610(4) 
5'58(7) 
545(4) 
508(4) 
761(4) 
762(4) 
705(5) 
701(5) 
581(4) 
836(4) 
951(4) 
908(4) 
834(4) 
835(4) 
814(5) 
834(4) 
954(4) 
941(4) 
968(5) 
1039(5) 
1136(4) 
1083(4) 
1050(4) 
1063(5) 
1107(5) 
1153(4) 
1203(4) 
1167(5) 
1246(5) 
1214(5) 
1324(5) 
1328(5) 
1249(5) 
1351(5) 
1299(4) 
1358(4) 
640(4) 
698(5) 
738(5) 
961(4) 
912(5) 
863(4) 
543(4) 
583(4) 
352(13 
474(10 
441(14 
257(10 
464 '16 
176(10 
297( 9 
390( 8 
84( 9 
319(13 
139(11 
249( 9 
325( 9 
10 266 
390 
162 
350 
188 
32 
56 
220 
316 
43 
170 
318 
176 
181 
304 
-7 
149 
117 
21 
324 
348 
149 
238 
374(11 
2c2( 8 
176(10 
97 ( 9 
30(10 
98(10 
17(10 
-41(10 
12 ( 9 
-110( 9 
431(10 
9 
9 
11 
10 
10 
10 
10 
13 
12 
10 
10 
10 
10 
10 
9 
10 
10 
11 
11 
12 
11 
11 
171(12) 
18(11 
222(14 
184(10 
-77(16 
-129(10 
-281(10 
-197( 9 
-273(10 
-504(13 
•550(11 
-495. 9 
-405 ( 9 
17(10 
-133(10 
41(10 
88(10 
-648(11 
10 
10 
10 
13 
12 
-530 
-548 
-632 
-383 
-272 
-59(10 
-107(10 
-4(10 
-546(11 
-399(11 
-358(10 
-256(10 
-6581,10 
-519(11 
-545(11 
-703(12 
-696(12 
-817(10 
-415(11 
-272 V 9 
-380(10 
45(10 
-94(10 
108(11 
-80(10 
-2 76(11 
-121( 9 
-4 25(10 
-324(10 
6.8(2.6) 
4.8(2.2) 
8.7(3.3" 
4.2(2.0 
11.1(4.1 
4.6(2.1 
4.3(2.0 
3.4(1.8 
.^ .:• (2.0 
7.1(2.8 
5.1(2.2 
3.5(1.8 
3.8(1.8 
4.1(1.9 
4.1(1.9 
4.3(2.0 
4.6(2.0 
4. 
4o 
4o 
4.1(1.9 
7.8(3.0 
5.5(2.2 
o c 7 (2 . 5 
0o6(2.5 
5.2(2.2 
5.6(2.2 
3.1(1.7 
4.6(2.0 
4.5(2.0 
4.5(2.0 
5.0(2.2 
4.6(2.1 
5.4(2.3 
3.4(1.L; 
4.0(1.9 
4.2(1.9 
: 84 : 
Table -2 
0 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
2 
1 
1 
2 
2 
3 
4 
4 
7 
8 
9 
9 
Bond 
H02 
CIO 
Cll 
C13 
CIS 
C14 
C14 
C15 
C15 
C16 
C16 
C17 
C18 
C19 
019 
C19 
C20 
C20 
C21 
C21 
C22 
C22 
C23 
C24 
C24 
024 
025 
025 
025 
026 
026 
026 
027 
027 
027 
028 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
1 
1' 
^ 
2" 
3 
4 
4' 
7 
8 
9 
9' 
HIO 
Hll 
H13 
HIS' 
H14 
H14« 
H15 
HIS' 
H16 
H16' 
H17 
H18 
H19 
H19' 
H19" 
H20 
H20' 
H21 
H21' 
H22 
H22' 
H23 
H24 
H24' 
H24" 
H25 
H25' 
H25' ' 
H26 
H26' 
H26' • 
H2 7 
H27' 
H27« • 
H28 
t h s (A 
0 . 9 0 ( 
1 . 0 4 ( 
1 . 1 0 ( 
i c 0 8 ( 
1 . 1 0 ( 
0 . 9 8 ( 
1 . 0 2 ( 
l o 0 7 f 
1 . 0 8 ( 
1 . 0 5 ( 
,) of 
7 ) 
8 ) 
9) 
1 2 ) 
9) 
14 ) 
9 ) 
7 ) 
8 ) 
8 ) 
1 . 1 0 ( 1 2 ) 
1 . 0 4 ( 
I . I O C 
1 . 1 0 ( 
1 . 0 4 ( 
1 . 0 7 ( 
1 . 1 0 ( 
1 . 1 1 ( 
1 . 1 0 ( 
1 . 0 5 ( 
1 . 0 3 ( 
1 . 0 9 ( 
1 . 0 3 ( 
I . I O C 
1 . 0 5 ( 
l o 0 9 ( 
1 . 0 7 ( 
1 . 0 8 ( 
l o 0 9 ( 
1 . 1 8 ( 
l c l 4 ( 
1 . 1 2 ( 
1 . 1 6 ( 
1 . 0 9 ( 
1 . 1 8 ( . 
9) 
7 ) 
8 ) 
6) 
8 ) 
8) 
9) 
7 ) 
9 ) 
9) 
8 ) 
12) 
1 1 ) 
8 ) 
9 ) 
9 ) 
7 ) 
9 ) 
9 ) 
7 ) 
7 ) 
9 ) 
9 ) 
11 ) 
1 . 1 2 ( 1 0 ) 
l o 0 6 ( 
1 . 2 3 ( . 
1 . 0 7 ( 
1 . 1 2 ( 
1 . 1 0 ( 
1 . 1 2 ( 
1 . 1 0 ( 
1 . 0 6 ( 
1 . 0 9 ( 
1 . 0 8 ( 
1 . 0 6 ( 
7 ) 
10) 
7 ) 
8 ) 
8 ) 
9 ) 
7) 
7 ) 
9 ) 
8 ) 
8) 
S t a n d a r c i 
CLl 
0 1 
0 2 
0 3 
0 3 
C I 
C I 
C 2 
C 3 
C 4 
C 5 
C 5 
0 6 
0 6 
C 7 
0 7 
0 8 
C 8 
C 9 
C l l 
C l l 
0 1 2 
012 
012 
CIS 
0 1 5 
0 1 6 
0 1 7 
0 1 8 
0 1 8 
0 2 0 
0 2 1 
C22 
0 2 3 
0 2 3 
6^\/i.:l 
C 3 
C28 
C 5 
CIO 
0 2 8 
C 2 
C 6 
C 3 
C 4 
C 5 
C 6 
CIO 
C 7 
0 2 6 
C 8 
0 1 4 
C 9 
C l l 
CIO 
012 
0 1 5 
C13 
0 1 7 
02 7 
C14 
0 1 6 
C17 
0 1 8 
0 1 9 
0 2 0 
0 2 1 
0 2 2 
C23 
C24 
C25 
I or. :ire in parent! 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1, 
1, 
1, 
1, 
1, 
1, 
.809( 9^  
.21o(l]) 
.'149(10) 
.463(10) 
,309( 9) 
,537(12) 
,551(11) 
,523(10) 
,515(13) 
.521(11) 
,557( 8) 
,545(10) 
,556(10) 
,543(12) 
555(10) 
,543( 9) 
514r 8) 
518(10) 
519(10) 
545( 9) 
,545(11) 
549(11) 
Ta 
CIO 
C 2 
C 1 
CLl 
CLl 
C 2 
C 3 
0 2 
0 2 
0 2 
C 4 
C 4 
C 6 
C 1 
C 1 
C 1 
C 5 
C 5 
C 7 
C 6 
C 6 
C 8 
C 7 
C 7 
C 9 
C 8 
0 3 
0 3 
C 5 
C 8 
C 8 
C12 
Cll 
Cll 
C13 
C13 
C17 
C12 
C 7 
Cll 
C15 
C12 
C12 
C16 
C17 
C17 
C19 
C18 
C20 
C21 
C22 
C22 
C24 
_ _-
ble 
— 
— 
— 
— 
_ 
_ 
_ 
_ 
_ 
^ 
^ 
•» 
i _ 
•» 
^ 
_ 
_ 
— 
_ 
_ 
_ 
— 
_ 
_ 
_ 
_ 
_ 
. 
— 
_ 
— 
— 
— 
— 
— 
— 
— 
— 
~ 
— 
— 
— 
— 
— 
— 
• 
— 
— 
_ 
_ 
. 
- 3 : 
0 3 
C 1 
C 2 
C 3 
C 3 
C 3 
C 4 
C 5 
C 5 
C 5 
C 5 
C 5 
C 5 
C 6 
C 6 
C 6 
C 6 
C 6 
C 6 
C 7 
C 7 
C 7 
C 8 
C 8 
C 8 
C 9 
CIO 
CIO 
CIO 
Cll 
Cll 
Cll 
C12 
C12 
C12 
C12 
C12 
C13 
C14 
C15 
C16 
Ci7 
C17 
C17 
C18 
C18 
C18 
C20 
C21 
C22 
C2 3 
C23 
C23 
Bo 
— 
— 
— 
_ 
— 
— 
— 
_ 
— 
— 
_ 
_ 
_ 
_ 
.. 
_ 
— 
-. 
_ 
_ 
— 
— 
_ 
— 
— 
_ 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
. 
_ 
— 
— 
_ 
— 
nd angl 
C28 
C 6 
C J 
C 2 
C 4 
C 4 
C 5 
C 4 
C 6 
CIO 
C 6 
CIO 
CIO 
C 5 
C 7 
C26 
C 7 
C26 
C26 
C 8 
C14 
C14 
C 9 
Cll 
Cll 
CIO 
C 5 
C 9 
C 9 
C12 
C15 
C15 
C13 
C27 
Ci7 
C27 
C27 
C14 
C13 
C16 
C17 
C16 
C18 
C18 
C19 
C20 
020 
• C21 
C22 
C23 
C24 
C25 
C25 
es (0/° 
120.5( 
112„7( 
111.4{ 
109.6( 
109o2( 
113.1( 
110.0{ 
108.7{ 
105.5( 
103.3( 
112.9( 
111.5( 
114»2( 
106o8( 
111.1( 
108.0( 
108.2( 
112.l( 
110.6( 
111.0( 
113.5( 
110.6( 
111.3( 
108.1( 
110.9( 
113.5( 
110.1( 
107.1( 
112.9( 
115.l( 
118.6( 
102.8( 
105.7( 
112.9( 
115.0( 
110.9( 
110.5( 
110.6( 
114.ij 
104.8( 
106.7( 
102.6( 
120.0( 
109o4( 
113.0( 
110.4( 
109.9( 
112.3( 
114.8( 
116.l( 
113.6( 
]18.8( 
101.5( 
) of standard 
6 
6 
6 
6 
6 
7 
6 
6 
5 
5 
6 
5 
6 
6 
6 
6 
5 
6 
6 
5 
5 
6 
6 
6 
5. 
5 
5 
6. 
5 
5. 
6; 
6. 
6. 
6, 
6. 
6. 
7, 
6, 
6. 
6. 
-6. 
6. 
1. 
1, 
Q) 
1) 
7; 
9. 
11< 
15, 
14, 
13 
11. 
) C 5 
) C 2 
) C 2 
) C 6 
) C 6 
) H 1 
) C 1 
) C 1 
) C 3 
) C 3 
) M 2 
) CLl 
) C 2 
) C 4 
) C 3 
) C 3 
) C 5 
) C 5 
) H 4 
) C 6 
) C 8 
) C14 
) C 7 
) C 9 
) Cll 
) C 8 
) C 8 
) CIO 
) CIO 
H 9 
0 3 
) C 5 
C 9 
) C 8 
) C12 
) C15 
) C12 
) C12 
^ C14 
) C14 
) H13 
) C 7 
) C 7 
) C13 
CI 3 
Hl^ 
Cll 
) Cll 
) C16 
) C16 
) H15 
) C15 
) C15 
C17 
C17 
H16 
C12 
aev 
-
-
— 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
ia 
0 
C 
c 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
c 
r 
r 
C 
C 
_ " ' J 
2 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
7 
7 
7 
8 
8 
8 
9 
9 
9 
9 
9 
CIO 
CIO 
CIO 
Cll 
C. A 
Cll 
C. .3 
C13 
C13 
C. .3 
13 
C14 
C14 
C14 
c: 
C-
.4 
• 
C15 
C15 
C15 
C15 
C15 
C16 
C16 
C16 
C16 
C16 
C17 
r.b ar^' in 
- ^02 
H ] 
- H i ' 
- H 1 
- Fi 1' 
- H I ' 
- ]-] 2 
- H 2' 
- H 2 
- H 2' 
- F! 2' 
- 11 3 
- F! 3 
- FF 3 
- }{ 4 
- FF 4' 
- F! 4 
- H 4' 
- FF 4« 
- F! 7' 
- H 7 
- Fi 7 
- H 8 
- H 8 
- FF 8 
- FF 9 
- F! 9' 
- HF: 9 
- :. 9' 
- H 9' 
- 1:10 
- FilO 
- !L.0 
- Hll 
- Mil 
- Hll 
- H13 
- F!13' 
- H13 
- ni3' 
- H.-3' 
- H14 
- H14' 
- HJ4 
- H14' 
- H14« 
- H15 
- H15' 
- F-]5 
- ^"15' 
- ! J 5 ' 
- H16 
- HI 6' 
- HI 6 
- H16' 
- H16' 
- m7 
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pc.: .VitliPS 
bC(D) 
110(r;) 
108(4^ 
10t5l0} 
109(4) 
106(7} 
1 10(0) 
1 U , ( 4 ) 
10-3(^ ) 
106(:} 
111(7^ 
119(8) 
103(6) 
101(7) 
108(^) 
109(4) 
111(4) 
109(4} 
108(6) 
106(4) 
107(4) 
10^(3) 
110(4) 
106(4) 
109(4) 
105(4) 
106(4) 
109(5) 
11C(5) 
111(7) 
il l(4j 
104(4) 
111(4) 
106(4) 
107(3) 
105(4) 
i03(4j 
107(4 ) 
108(4) 
109(4) 
ill 0) 
106(3) 
107(4) 
108(4^. 
107(4^ 
113(6) 
106(4) 
110(4) 
113(4) 
111(4) 
109(6) 
110(4) 
109(4) 
111(4) 
111(4) 
107(6) 
U3(o) 
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C16 
C18 
C17 
C19 
C20 
C18 
C18 
C18 
H19 
H19 
H19' 
C18 
Clb 
C2I 
C21 
1:2L 
C2G 
C2C 
C2 2 
H2 1 
C M 
C21 
c: J 
C2 3 
i;^ '2 
C2 2 
C2 4 
C2 5 
^ ^  ^  
C23 
C23 
H24 
H2 4 
H24' 
C2 3 
C23 
^^ <L ^ 
h'2L 
-- o 
C17 -
217 -
C18 -
Cld -
C18 -
C19 -
C19 -
C19 -
C19 -
C19 -
C19 -
220 -
220 -
C20 -
220 -
220 -
2^1 — 
C21 -
:22 
Z2^ 
C2.. 
"^'' 3 
C23 
223 
224 
:z4 
;j4 
:24 
.2 b 
:2' 
220 -
2 6 
H2c 
H2 6 
'-:2 0' 
212 
C12 
C12 
'^y7 
• * --
; , " " • t 
-
-
-
-
-
-
-
-
22 6 
2.- 6 
'^ _ /> 
22 6 
2 27 
22 7 
227 
2. "^  
-T 
^ ^  / 
-? 
H17 
H17 
H18 
H18 
H18 
H19 
H19' 
H19' 
H19' 
H19' 
H19' 
H20 
H20' 
H20 
H20' 
H20' 
H21 
H21' 
H21 
H21' 
H21' 
H22 
H22' 
H22 
H22' 
H22' 
H2 3 
H2 3 
H23 
H2 4 
H24' 
H2 4' ' 
1)24' 
H24' ' 
H24' • 
H25 
H25' 
H2 5' " 
H2 5' 
h'2 5 • • 
M25' • 
fi2 6 
li26' 
H26' ' 
H26' 
H26' ' 
H26' ' 
H27 
H27' 
H'2 7' ' 
H27' 
.M2 7 ' ' 
W . ' l ' ' 
• -: 2 8 
'-.2b 
6) 
95(5) 
112(5) 
107(5) 
1051 
1101 
113' 
1051 
111 
107 
110(6) 
108(6) 
109(4) 
107(4) 
111(5) 
108(4) 
106(6) 
108(4) 
108(4) 
108(4) 
111 4) 
105(5) 
110(4) 
109(4) 
103(5) 
105 (,4) 
112(6) 
102(5) 
5) 
4) 
5) 
5) 
5) 
7) 
6) 
7) 
110 
no 
108 
108 
108 
112 
108 
• 110 
110(3) 
107(3) 
108(4) 
107(6) 
109(o) 
11^(5) 
111(4) 
113(4) 
111(5) 
108(6) 
108(6) 
102(6) 
110(5) 
113(5} 
IOQIA) 
105(6) 
113(6) 
i05(o) 
116(0) 
119(0) 
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Further elution with petroleum ether - ether (1:1) 
afforded 3^-chloro-5a-cholestane-5,6p-diol ( CXIIb ) which was 
recrystallized from petroleum ether (0.580 g, 1.32 m mol), 
m.p. 126° (reported , m.p. 125°). 
3g-Acetoxvcholest-5-ene 
A mixture of cholesterol (50.0 g), pyridine (75 ml, freshly 
distilled over KOH) and freshly distilled acetic anhydride 
(50 ml) was heated on a steam bath for 2 hrs. The resulting 
brown solution was poured on to crushed ice-water mixture with 
stirring. A light brown solid was obtained which was filtered 
under suction, washed with water to remove pyridine and air dried 
The crude product on recrystallization from acetone gave pure 
3^-acetoxycholest-5-ene (45.0 g), m.p. 114-115° (reported , 
m.p. 116 ). 
3g-Acetoxv-5.6a-epoxy-5a-cholestane ( LXVIII ) 
3^-Acetoxycholest-5-ene (10 g) in chloroform (100 ml) was 
treated with a solution of perbenzoic acid (1.1 mol equivalent) 
in chloroform and left for 20 hrs. at a temperature of -8°. 
The reaction mixture was then washed successively with ice cold 
sodium bicarbonate solution {5%), water, sodium thiosulphate 
solution (5?^ ) and water. Evaporation of the solvent gave an oil 
which was chromatographed over silica gel column. Elution with 
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petroleum ether - ether (10:1) gave a solid compound which was 
recrystallized from acetone as needles to afford epoxide 
( LXVIII ) (8.0 g), m.p. 97° (reported"^®, m.p. 97°). 
Reaction of 36-acetoxy--5.6a-epoxv-5a-cholestane ( LXVIII ) with 
thioalycolic atid t 3g-Acetoxv--6g-formyloxv-5a-cholestan-5-ol 
( CLXVI ) and 3B-acetoxv-5a~cholestane~5.66--diol ( CXIIc ) : 
To a stirred solution of epoxide ( LXVIII ) (2.0 g, 
in DMF (dry 20 ml) were added lithium bromide (catalytic amount) 
and thioglycolic acid (dry, equimolar), under similar reaction 
conditions as described earlier. After usual work up and evapo-
ration of the solvent) r^rxction mixture gave an oily residue 
chromatographed over a silica gel column (40 g). Elution with 
petroleum ether - ether (18:1) provided the solid compound which 
was recrystallized from petroleum ether to give 3^-acetoxy-6^-
formyloxy-5a-cholestan-5-ol ( CLXVI ) (1.250 g, 2.55 m mol), 
m.p. 160°. 
Analysis found : C, 73.45; H, 10.18 
^30^50^5 ^^q^i^^s : C, 73.46; H, 10.20?^  
IR : ^  ^^^^ 3420 (OH), 1720 (-0-e-CH3), ^^^'^ ^^~^ (-0-C-H). 
•••H-NMR : d 8.10 ( s , -0-C~H), 5.12 (m, Wl/2 = 17Hz, C3a-H, 
a x i a l , A / B r i n g j u n c t i o n t r a n s ) '^, 4 . 80 ( s , C6a-H), 
: &y : 
2.41 (.s, C5a-0H, exchangeable with deuterium), 1.13 
CCIO-CH3), 0.7 (CI3-CH3), 0.9 and 0.80 (other methyl 
protons). 
•^ C^-NMR : 12.11 (C-18), 16.34 (C-19), 20.97 (C-ll), 23.84 (C-15>), 
24.03 (C-1), 27.99 (C-7), 28.19 {0-2}, 30.62 (C-16), 
35.79 (C-8), 36.13 (C-12), 38.32 (C-17), 39.45 (C-IO), 
39.80 (C-4), 42.69 (C-13), 44.83 (C-9), 55.58 (C-14), 
70.72 (C-5), 73.52 (C-6), 76.70 (C-3), 77.33 (-O-C-CH3), 
170.917 (-O-C-CH3), 160.417 (O-C-H), 18.62, 21.41, 22.55, 
22.80, 26.54, 31.40, 31.719, 36.60 (side chain carbon 
atoms). 
MS : 490 (6.0, C3QH^QO^), 475 (3.0, C29H^yO^), 473 (14.0, 
^30"49°4^' "^ 2^ ^^°-^' So"48°4^' '^^'^ ^^•°' S9"45°4^' ^^^ 
(4.0), 444 (12.0, C29H^g03), 430 (4.0, C^gH^^O^), 429 
(4.0, O^QH^^O^), 428 (24.0, C29H4gO^,), 4.V (>^j ) , 
426 (2.4), 415 (12.0, C^jH^^O^), 413 (30.0), 411 (14.O), 
397 (6.0), 386 (4.0), 385 (22.O), 384 (68.O), 377 (40.0, 
^22^33^^' 370 (40.0), 369 (14.0), 368 (8.0), 367 (24.0), 
366 (100.00), 365 (2.0), 359 (5.0, C22H3j^O^), 356 (6.0), 
355 (2.0), 353 (2.0), 352 (12,O), 351 (38.0), 341 (2.0), 
340 (2.0), 331 (9.0, C^^H^QO^), 332 (10.O), 330 (2.0), 
318 (2.0), 318 (6.0), 317 (6.0, C2QH29O3), 315 (4.0, 
^2l"31°2^' 2 ^ (8.0), 289 (8.O), 287 (6.0), 286 (12.0), 
281 (4.0), 274 (6.0), 273 (10.O), 272 (34.0), 271 (18.O), 
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263 
257 
(4.0 
227 
8.0), 262(32.6), 261 (2.0), 260 (2.0), 259 (6.0), 258 (12.0), 
12.0), 254 (4.0), 253 (16.O), 247 (6.0), 245 (2.0), 244 
, 243 (12.0), 231 (6.0), 230 (18.O), 229 (18.0), 228 (4.0), 
22.0), 226 (52.0), 225 (4.0), 214 (6.0), 213 (30.0), 212 
(36.0), 211 (56.0), 201 (4.0), 199 (8.0), 198 (4.0), 197 (10.O), 
185 (6.0), 184 (4.0), 183 (10.O), 175 (4.0), 171 (4.0), 163 (4.0), 
161 (6.0), 160 (4.0), 159 (8.0), 158 (8.0), 157 (lO.O), 152 (14.0), 
150 (4.0), 149 (10.0), 147 (6.0), 146 (4.0), 145 (8.0), 144 (4.0), 
143 (6.0), 138 (2.0), 137 (4.0), 136 (8.0), 135 (10.O), 134 (4.0;, 
133 (6.0), 132 (2.0), 131 (4.0), 124 (6.0), 123 (22.0), 122 (20.0), 
121 (8.0;, 120 (10.0), 119 (4.0), 118 (6.0), 117 (4.0), 110 (8.0), 
109 (12.0), 108 (30.0), 107 (6.0), 106 (2.0), 105 (6.0), 97 (4.0), 
96 (10.0), 95 (10.0), 94 (6.0), 93 (4.0), 83 (4.0), 82 (4.0), 81 
(8.0), 71 (4,0), 69 (4.0), 57 (4.0). 
Further elution with petroleum ether - ether (1:1) afforded 
white solid, recrystallized from acetone to provide 3^-acetoxy-
5a-cholestane-5,6i3-diol (CXIIC) (0.568 g, 1.22 m mol), m.p. 208° 
(reported , m.p. 208°). 
3g-Hvdroxy-5,6a-epoxy-5a-cholestane (CXXIX) : 
Cholesterol (10 g) in chloroform (100 ml) was treated with 
solution of perbenzoic acid (1.1 mol equivalent) in chloroform 
and left for 20 hrs. at a temperature of -8°. The reaction mix-
ture was then washed successively with ice cold sodium bicarbonate 
solution (5%), water, sodiumthiosulphate solution (5%) and water. 
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Evaporation of the solvent gave an oil which was chromatographed 
over silica gel column. Elution with petroleum .ether - ether 
(6:1^ gave a compound which was crystallized from acetone to give 
epoxide (CXXIX) as needles (7.8 g^, m.p. 142° )(reported , 
m.p. 142.5°;. 
Reaction of 3B-hvdroxy-5,6a-epoxy-5a-cholestane (CXXIX) with thio-
qlycolic acid ; 3P-Hydroxy~6g-formyloxy-5a-cholestan-5-ol (CLXVII) 
and 3e-hydroxy-5a~cholestane.5.6e--diol (CXLIX) 
To a stirred solution of the epoxide (2.0 g, 4.9 m mol) in 
DMF (dry, 20 ml^ were added lithium bromide (catalytic amount) 
and thioglycolic acid (dry, equimolar), under similar reaction 
conditions as described earlier. After usual work up and evapo-
ration of the solvent, an oily residue was obtained which was 
chromatographed over silica gel column (40 g). Elution with 
petroleum ether - ether (15:Ij afforded a compound which was re-
crystallized from petroleum ether to yield 3^-hydroxy-6)3-formyloxy-
5a-cholestan-5-ol (CLXVIi; (1.152 g, 2.57 m mol), m.p. 110°. 
Analysis found : C, 74.92; H, 10.51 
C23H4g0^rrequires : C, 75.0; H, 10.71?^ . 
If^  •• N^ m.v 3400 (OH), 1700 (-0-8-H;. 
O 
-••H-NMR : d 8.10 (s, -0-C-H), 5.21 (m, Wl/2 = 17Hz, C3a-H, axial, 
A/B ring junction trans), 4.8 (s, C6a-H), 2.4^ (s, CSp-OH^ 
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13 
C5a-CW, exchangeable with deuterium), 1.13 (ClO-CH^-)* 
0.7 (.C13-CH3>', 0.9 and 0.80 (other methyl protons). 
C-NMR : 6 12.11 (C-18), 16.28 (C-19), 20.97 (C-ll), 23.74 CC-15), 
24.03 (C-1 ), 27.99 (C-9), 28.18 (C-2), 30.62 (C-16), 
35.69 (C-8), 36.12 (C~12), 38.22 (C-17), 39.35 (C-IO), 
39.75 (C-4), 42.59 (C-13), 44.83 (C-9), 55.58 (C-14), 
0 
67.32 (C-3), 70.72 (C-5), 72.12 (C-6), 160.417 (O-C-H). 
18.62, 21.41, 22.55, 22.80, 26.54, 31.40, 31.71, 36.60 
(side chain carbons). 
MS : MT m/z 448 (3.25, C^oH^oO.), 433 (2.5, COTH.^O.), 
'28"48 4 27"45 4' 
431 (8.75, C28H47O3), 430 (30.0, C28H4^03), 415 (2.5, 
C27H43O3), 412 (21.0, C28H44O2) 
402 (45.0 C27H4^02), 401 (4.5) 
388 (7.5), 387 (28.5, C2^H^302) 
385 (45.0), 384 (100.00, C2yH^40), 383 (4.50), 382(7.50), 
376 (1.5), 374 (1.5), 373 (3.0) 
^26^43^^' ^^^ (13'5), 369 (45.0 
367 (18.0), 366 (30.0), 365 (1.5), 364 (1.5), 357 (4.5), 
356 (3.0), 355 (3.0), 354 (12.0 
343 (1.0), 342 (1.0), 335 (5.0) 
289 (3.0), 285 (7.0), 2.-= (19.0 
263 (7.0), 262 (3,0), 261 (6.O) 
257 (2.0), 256 (4.0), 255 (19.0 
246 (7.0), 245 (3.0), 242 (2.0) 
404 (2.5), 403 (12.5), 
397 (15.0), 389 (1.5), 
386 (9.0, O^^H^^O), 
372 (3.0), 371 (3.0; 
, 368 (7.50, C^^W^^), 
, 353 (40.0), 344 (l.O), 
31~^  (4.0), 301 (3.0), 
, 273 (12.0), 264 (2.0), 
260 (14.0), 259 (11.O), 
, 248 (2.0), 247 (8.O), 
241 (2.0), 233 (18.0), 
232 (16.0), 231 (22.0), 230 (5.0), 229 (26.0), 228(56.0), 
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227 (8.0), 220 (l.O), 219 (2.0), 218 (l.O), 217 (5.0), 216 
(15.0), 215 (33.0), 214 (40.0), 213 (60.0), 206 (2.0), 203 (3.0), 
202 (2.0), 201 (8.0), 200 (4.0), 199 (14.0), 193 (1.0), 191 (1.0), 
190 (1.0), 189 (3.0), 187 (3.0), 186 (4.0), 185 (7.0), 178 (2.0), 
177 (3.0), 176 (1.0), 175 (3.0), 174 (2.0), 173 (5.0), 172 (7.0), 
171 (6.0), 165 (2.0), 164 (2.0), 163 (7.0), 162 (4.0), 161 (ll.O), 
160 (10.0), 159 (24.0), 158 (2.0), 157 (2.0), 153 (3.0), 153 
(12.0), 151 (3.0), 150 (2.0;, 149 (9.0), 148 (6.0), 147 (ll.O), 
146 (6.0), 145 (13.0), 139 (l.O), 138 (3.0), 137 (3.0), 136 (6.0), 
135 (10.0), 134 (4.0), 133 (6.0), 131 (2.0), 126 (7), 125 (30.0), 
124 (7.0), 123 (11.0), 122 (19.0), 121 (7.0), 120 (3.0), 119 
(3.0). 118 (1.0), 113 (1.0), 112 (8.0), 111 (5.0), 110 (4.0), 109 
(15.0), 108 (36.0), 107 (8.0), 106 (2.0), 105 (3.0), 98 (2.0), 97 
(5.0), 96 (4.0), 95 (12.O), 94 (4.0), 93 (5.0), 91 (l.O), 85 (3.0), 
83 (9.0), 82 (5.0), 81 (10.0), 79 (l.O), 71 (l.O), 69 (6.0), 67 
(2.0), 57 (10.0), 56 (3.0), 55 (2.0). 
Further elution with ether afforded white solid, recrysta-
llized from acetone to provide 3p-hydroxy-5a-cholestane-5,6^-diol 
(CXLIX) (0.528 g, 1.02 m mol), m.p. 244° (lit.^°, m.p. 244°). 
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A SYNTHESES OF 
4-EN~3~ONE STEROIDS 
Cdeoretital 
The concept of developing novel reaction routes in syn-
thetic organic chemistry by means of oxidation methods has been 
very lucrative for chemists. There are several methods for the 
oxidation of primary and secondary alcohols have been 
reported ~ . 
The importance of the metal ion oxidants is indubitable 
because of their low cost, stability and considerable selecti-
vity with respect to functional group by virtue of their action. 
The most widely used inorganic oxidants are CrO--Pyridine 
complex, CrO^-acetone complex, Pyridinium chlorochromate and 
Dipyridinechromium (Vl) oxide. 
7 
Collins et al. reported the oxidation of various alcohols 
with dipyridine-chromium (VI) oxide in dichromethane and obtained 
follwoing results. 
Alcohols Aldehyde or ketone Yield% 
2-Butanol 2-Butanone 98 
2-Octanol 2-Octanone 97 
Cyclohexanol Cyclohexanone 98 
Benzhydrol Benzophenone 96 
3-Heptanol 3-Heptanone 93 
Benzyl alcohol Benzaldchyde 95 
p-Nitrobenzyl alcohol p-Nit^cbenzaldehyde 97 
: 100 : 
Oxidation of cholesterol ( I ) with dipyridine chromium 
( VI ) oxide yielded cholest-5-en-3-one ( II ) as a major 
product along with cholest-4-en-3,6-dione ( III ) and cholest-
4-en-3-ol-6-one ( IV ) as a minor products . 
CoH 8" 17 
Dipyridinechromium ^^'"^X^^N^-
( I ) ( I I ) 
N^-. 
( III ) ( IV ) 
Q 
E.J. Corey et al. carried out the oxidation of cyclo-
hexanol ( V ) 4-tert. butylcyclohexanol ( VI ) and octanol 
( VII ) by •' dimethylsulfoxide in toluene at 0 and obtained 
their respective ketone vVIII - X). 
Cyclohexanol 
( V ) 
4~tert. Piutylcyclo-
nexanol 
(CH3;2S 
Toluene,0 
( VI ) 
Octanol 
-T-r 
Cyclohexanone 
( VIII ) 
4-tert. ^utylcyclohexanone 
( IX ) 
Octanal 
( VII ) ( X ) 
Y. Rao et al. showed that a solution of sodium dichromate 
and sulfuric acid in dimethylsulfoxide oxidizes primary and 
secondary alcohols into aldehydes and ketones. The results 
have been summarized in the table-1, 
Table-1 
Alcohols 
C^H^CH^OH 
p-CH30C^H^CH20H 
CH3-(CH2)^CH20H 
dl-Methanol 
Cyclohexylcarbinal 
C^H^CH2CH20H 
C^Fp^CH2CH20H 
P-C1C^H4CH2CH20H 
P-CH3OC ^ H^CH2CH20H 
C ^ H c CH Q CH Q CH ^ OH 
C.Hp,-CH=CH-CH„OH 6 5 2 
C^HpjCH0HCH3 
6 0 6 D 
Cyclohexanol 
Product 
C^H.CHO 
6 D 
p-CH30C^H4CH0 
CH3(CH2)^CHO 
dx-Wenthone 
Cyclohexylcarboxaldehyde 
C.H.CH^CHO 6 5 2 
C^F^CH2CH0 
p-ClC^H4CH2CH0 
p-CH30C^H4CH2CH0 
C^Hp^CH2CH2CH0 
C.H.-CH=CH-CHO 6 5 
C^H5C0CH3 
Cyclohexanone 
Yield % 
84 
87 
80 
85 
80 
82 
90 
80 
81 
80 
85 
85 
85 
89 
Corey and Suggs have studied the use of pyridinium 
chlorochromate as oxidant, and reported the advantages of this 
reagent and showed that it can be prepared easily, safely and 
: 102 : 
possesses high capability to convert primary and secondary 
alcohols into aldehydes and ketones in better yields. The 
results of representative experiments are summarized in the 
Table-2. 
Table-2 
Alcohol 
1-Decanol 
1,6-Hexanediol 
Benzhydrol 
4-t~Butylcyclohexanol 
Oct -2-yn- l -o l 
1-Heptanol 
"O 
Citronel 
CH^OH 
l o l 
Product 
Decanal 
Hexanedial 
Benzophenone 
4-t-Butylcyclohexanone 
Oct-2-ynal 
Heptanal 
>C^"° 
C i t r o n e l l a l 
Yield : 
92 
68 
100 
97 
84 
78 
85 
82 
W.G. Dauben et al. showed the oxidation of cyclic 
tertiary allylic alcohols ( XI-XVIII ) with pyridinium chloro-
chromate and obtained tranposed 3-allyl-a,^-unsaturated ketone 
( XIX-XXVI ) in excellent yields. 
Allylic alcohol 
( XI ) 
Transposed enone 
( XIX ) 
Yield % 
94 
: 103 : 
)H 
( XV ) 
( XVI ) 
( XVII ) 
( XVIII ) 
( XX ) 
Ph 
( XXI ) 
( XXII ) 
( XXIII ) 
93 
90 
98 
84 
88 
31 
50 
L04 : 
12 G. Pinacatelli et al. showed an unusual behaviour of 
Pyridinium chlorochromate as dienophile oxidant by describing 
the oxidation of 5-methyl-2-furylcarbinols ( XXVII-XXIX ) 
into their respective pyran derivatives ( XXX-XXXII ) by the 
ring enlargement. 
^ r 
PCC 
CHQCIQ - > 
(XXVII} 
(XXVIII) 
(XXIX) 
a 
CH3-(CH2)4-CHj'-
CH2=CH-CH^ 
CHj-
(XXX) CH3-(CH2)4-CH^ 
(XXXI) CH2=CH-CH,3-
(XXXII) CH3— 
13 E.J. Corey et al. showed the utility of pyridinium-
chlorochromate in oxidative cationic cyclization reactions for 
ring formation, annulation and obtained following results. 
Substrate Conditions 
1. 3.0 equiv. per 
4,5 hrs 
2. TsOH 
1. 5.0 equiv, PCC 
4,2 hrs 
2. TsOH 
Product Yield 
78 
55 
: xOb : 
^6^5 
OH 
^ 
1. 3.0 equiv. PCC 
42 hrs 
2. Base 
1. 5.0 equiv. Per 
7 hrs 
2. TsOH 
1. 5.0 equiv. Pcc 
22 hrs 
2. TsOH 
1. 4.0 equiv. PCC 
16 hrs 
2. TsOH 
1. 5.0 equiv. PCC 
24 hrs 
2. TsOH 
41 
62 
68 
69 
65 
14 Kanjiomura et al. reported the oxidation of alcohols 
by activated dimethylsulfoxide. They showed that successful 
use of DMSO as an oxidant for alcohols requires (a) activation 
of DMSO by a suitable electrophillic reagent (E''"A~) below the 
(pummerer) rearrangement temperature of the requisite inter-
mediate ( XXXIII ) (b) Facile attack by an alcohol on the 
electropositive sulphur atom of the intermediate with the dpna^-
ture of a leaving group to form a dimethylalkoxy sullc irju " ilt 
( XXXIV ) (c) reaction of the salt ( XXXIV ) with a base, 
: 106 
typically triethylamine to form the dimethylsulphide carbonyl 
product ( XXXV ). Separation of the carbonyl product from th? 
by products. Mechanistic pathway of the reaction is shown in 
Scheme-1. They used COCl^ as DMSO activator and obtained 
following results as shown in Table-3. 
Scheme-1 
Me2S"^ -0+E"^ A" (Me2S'^-0-E)A~ 
( XXXIII ) 
activated DMSO 
b R-^ R^ CHOH 
^i^ 
R2 
( XXXV) 
+ 
. c 
^base 
R-'-R^ CHOCH2SCH3 
+ Me2S. 
Table-3: 
Alcohol 
n-Decanol 
n-Octanol 
3-Phenyl-l-propanol 
Me2S'^-0CHR-^R^)A"+E0H 
( XXXIV ) 
Carbonyl compound 
n-Decanal 
n-Octanal 
3-Phenyl-l-propanal 
Yield % 
94 
93 
96 
: 107 : 
Cyclopentanol 
Cyclohexanol 
3,3-Dimethyl-2-
butanol 
2-Cyclohexen-l-ol 
Benzylalcohol 
Benzyldrol 
Cyclopentanone 
Cyclohexanone 
3,3-Dimethyl-2-butanone 
2-Cyclohexen-l-one 
Benzaldehyde 
Benzophenone 
99 
97 
76 
80 
100 
98 
15 E.J. Corey et. al. reported the oxidation of alcohols 
with pyridinium dichromate in aprotic media and obtained 
following results. 
Alcohols 
IH^ OH 
Reaction conditions Products 
3.5 equiv. PDC/CH3OH in 
DMF, 25°C, stirring 
at 7-9 hrs. JHO 
Yie lds % 
83 
Of' ( I a
COOH 
84 
I:H(CH3)2 
C^OOH 
85 
'CH-(CH3)2 
• 1( ! u ' : 
H 
2 equiv. PDC/CH3OH 
HO in DAAF, 25°C stirring 
at 7-9 hrs. 
OOH 
92 
CHo 
/ ' 
CHO 
CH 3 
OOH 
90 
OH 
1.5 equiv. PDC/CH3OH 
in CH2CI2, 25°C 
stirring 9 hrs. 
80 
Cp^ Hj^ j^ =C-CH20H stirring at 16 hrs L^(j;=g-cH0 
H H 
70 
Cp.H,,CH0HC=C-Cp.H,, stirring at 22 hrs C.H, ,COC=CC.H, , 5 11 I I b 11 ^ 5 11 T J 5 11 85 
C^H^j_-CH0HCH=CH2 stirring at 9 hrs C^ Hj^ j^ C0CH=CH2 80 
CH. 
J' CHO stirring at 24 hrs i) COOH 90 
: 109 : 
Doad reported the preparation of pyrizinium chlorochro-
mate ( XXXVII ) by the reaction of pyrazine ( XXXVI ) with CrO^, 
HCl and its uses for the oxidation of various primary and 
secondary alcohols ( XXXVIII-XLIII ), and obtained their 
respective ketones and aldehydes ( XLIV-XLIX ) in excellent 
yields. 
6M HCl 
CrOr 
( XXXVI ) 
A lcoho l s 
(QT' 
( XXXVIII ) 
OH 
f O j ( XXXVII ) 
HClCrO 
Aldehydes/Ketones Yields 
(O) 
( XLIV ) 
(oT-
( xLv ; 
HO 
90 
95 
80 
( XLI ) ( XLVII ) 
( xLii ; ( xLviii ; 
C xLiii ; ( XLIX ) 
: 110 : 
HO 68 
95 
Mi^tnMon 
In view of the synthetic utility of 4-en-3-one steroids 
17 
and several steps involvement in their synthesis , we describe 
here in a more convenient and signle step synthesis of the 
said compounds in quantitative yields. This methoa involves 
the reaction of pyridinium dichromate with cholesterol ( I ), 
^-sitosterol ( L ) and stigmasterol ( LI ) affording cholest-4-
en-3-one ( LIl), stigmast-4-en-3-one ( LIII)) and stigmast-4, 
22-dien-3-one ( LIV ) respectively in quantitative yields. The 
novelty of this reaction lies in its simplicity and one step 
clean process. These ketones ( LII-LIV ) prepared were used in 
the synthesis of steroidal tetrazoles which are described in 
next part of this chapter. 
( I ) 
( L ) 
c LI ; 
R 
^8^17 
1^0*^ 21 
^10^19 
( 
( 
( 
LII ) 
L I I I ) 
LIV ) 
^8^17 
^10^21 
^10^19 
: 112 : 
Reaction of 3g-hvdroxvcholest--5-ene ( I ) with pyridinium-
dichromate in dimethvlformamide : 
To a solution of 3^~hydroxycholest-5-ene ( I ) in dimethyl-
formamide was added pyridinium dichromate and the reaction 
mixture was stirred for 3 hrs at room temperature. The mixture 
was extracted with ether and the ethereal extract was washed 
with water and dried over anhydrous sodium sulphate. The removal 
of the solvent provided crude product which was purified by 
column chromatography to afford compound, m.p. 80 . 
CgH^y 
PDC 
DMF 
( I ) ( Lii ; 
Characterization of the compound, m»p. 80 as cholest-4-en-3-one 
( LII ) : 
The compound ( LII ), m.p. 80 correctly analysed for 
C2yH.^0 was found identical in (m.p., m.m.p., TLC, IR, NMR) with 
authentic sample of cholest-4-en-3-one ( LII ) (reported , 
m.p. 81-82°). 
: 113 
Reaction of g-sitosterol ( L ) with pyridinum dichromate in 
dimethylformamide : 
To a solution of ^-sitosterol ( L ) in dimethylformamide 
was added pyridinium dichromate and the reaction mixture was 
stirred for 3 hrs. at room temperature. The reaction mixture 
after usual work up and column chromatographic separation, 
afforded the compound ( LIII ) as semisolid. 
910^21 
PDC 
DMF 
/N. 
( L ; ( LIU ) 
Characterization of the compound (semi solid) as stiqmast-4-en-
3-one ( LIII ) : 
w 
The semisolid compound showed elemental analysis compatible 
ith molecular formula C^QH^QO. The IR spectrum showed bands 
-1 18 1, at 1680 and 1615 cm CC=C-C=0). The H-NMR spectrum showed a 
19 
singlet at d 5.9 for C4-vinylic proton. Methyl protons were 
observed at d 1.12 (CIO-CH3), 0.68 (CIS-CH^), 0.94 and 0.82 
(other methyl protons). On the basis of elemental and spectral 
: 114 
data the structure of the semi solid compound was suggested 
as stigmast-4-en-3-one ( LIII ). 
Reaction of stiqmasterol ( LI ) with pyridir.ium dichromate in 
diemthvlformamide : 
To a solution of stigmasterol ( LI ) in dimethyIformamide 
was added pyridinium dichromate and the reaction mixture was 
stirred for 3 hrs. at room temperature. After usual workup of 
the reaction mixture and column chromatographic separation, a 
compound, m.p. 146 was isolated. 
PDC 
DMF 
( LI ; ( LIV ) 
Characterization of the compound, m.p. 146 as stiqmast-4,22-
dien-3-one ( LIV ) : 
The compound, m.p. 146° was analysed for C^gH.^O. The IR 
-1 18 
spectrum showed bands at 1680 and 1620 cm (C=C-C=0). The 
H-NMR spectrum showed bands at d 6.23 as a singlet for C4-vinylic 
: 115 : 
19 
proton. A triplet appeared at d 5.25 was assigned to (C21-H). 
Methyl protons were observed at d 1.2 (ClO-CH^), 0.68 (CIS-CH^), 
0.94 and 0.82 (other methyl protons). On the basis of above 
discussion the structurr of the compound, m.p. 146 was suggestea 
as stigmast-4,22-dien-3-one. 
experimental 
Preparation of Pyridinium dichromate ( PDC ) : 
Pyridine (80,5 ml) was gradually added to a cooled 
solution of 100 g (1 mol) of CrO^ in 100 ml of water at <30°C. 
The solution was diluted with 400 ml of acetone and cooled to 
-20 C. After 3 hrs the orange crystals were collected, washed 
with acetone and dried in vacuo (127.2 g) (m.p. 144 , reported' . 
m.p. 144-46 ). 
Reaction of cholesterol ( I ) with pyridinium dichromate in 
dimethylformamide ; Cholest-4-en-3-one ( LII } : 
To a solution of cholesterol ( I ) (1.0 g, 2.43 m mol) in 
dimethylformamide (20 ml) was added pyridinium dichromate (5.0 g 
12.35 m mol) and the reaction mixture was stirred for 3 hours at 
room temperature. The mixture was extracted with ether and the 
ether extract was washed with water and dried over anhydrous 
sodium sulphate. The crude product obtained after removal of 
the solvent was chromatographed over silica gel column. Elution 
with petroleum ether - ether (5:1) provided the solid compound 
which was recrystallized from petroleum ether to give cholest-4-
en-3-one ( LII ) (.806g, 2.1 m mol), m.p. 80 (reported , m.p. 
81-82°). 
: 117 : 
Reaction of 3-sitosterol ( L ) with pyridinium dichromate 
in dimethylformamide : 
To a solution of ^-sitosterol ( L ) (1.0, 2.41 m mol) 
in dimethylformamide (20 ml) was added pyridinium dichromate 
(5.0 g, 12.35 m mol) and the reaction mixture was stirred for 
3 hrs. at room temperature. After usual workup and evapora-
tion of the solvent^a crude product was obtained which was 
chromatographed over silica gel column. Elution with light 
petroleum ether - ether (5:1) afforded stigmast-4-en-3-one 
( LIII ) i..714g, 1.73 mmol) as a semi solid. 
Analysis found : C, 84.29; H, 11.62 
^9^48° ^^^"i^^s : C, 84.39; H, 11.72?^. 
IR : \ 1680, 1615 cm "^  (C=C-C=0) . 
^max. 
•"•H-NMR : d 5.9 (s, C4-vinylic H),"" 1.12 (s, CIO-CH3), 0. 68 
(s, CI3-CH3), 0.94 and 0.82 (other methyl protons) 
Reaction of stiqmasterol ( LI ) with pyridinium dichromate 
in dimethylformamide : 
To a solution of stigmasterol ( LI ) (1.0 g, 0./9 w mol) 
in dimethylformamide (20 ml) was added pyridinium dichromate 
'. 5.0g, 12.35 m mol) and the reaction mixture was stirred for 
3 hrs at room temperature. After usual workup and evaporation 
: 118 : 
of t he s o l v e n t , affo3-ded a exude product which was c h r o -
matographed over s i l i c a g e l column. E l u t i o n wi th l i g h t 
petroleum e t h e r - e t h e r ( 4 : 1 ) gave a s o l i d which was r e c r y -
s t a l l i z e d from pet ro leum e t h e r t o a f ford s t i g m a s t - 4 , 2 2 - d i G n -
3-one ( LIV ) , ( .697g, 1.7 m mol) , m.p, 146 . 
Ana lys i s found : C, 8 4 , 7 8 ; H, 11 .21 
C29H. 0 r e q u i r e s : C, 8 4 . 8 1 ; H, 11.21?^. 
- 1 , s^8 IR : >j 1680, 1620 cm "^  (C=C-C=0) . Vmax . 
•'•H-NJ^ : d 6 .23 ( s , C4-v i n y l i c H), 5 .25 ( t , C21-H), 1.12 
( s , CIO-CH3), 0 .68 ( s , CI3-CH3), 0 .94 and 0.82 
( o t h e r methyl p r o t o n s ) . 
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B SYNTHESES OF 
STEROIDAL TETRAZOLES 
Cfieoretical 
The five membered doubly unsaturated heterocycle with 
one carbon and four nitrogen atoms Is known as tetrazole (1). 
The first tetrazole was recognized in 1885 by Bladin , during 
an Investigation of dlcynophenylhydrazlne. Thereafter an 
excellent review touching upon almost every aspect of tetrazole 
2 
chemistry was given by Benson . 
Tetrazoles have found Important biological as well as 
nonblologlcal applications. These have been applied in explo-
sives as components of initiating compositions and in propellants. 
Various tetrazole salts have been claimed for use in primers. 
Nitrocellulose propellant powders are rendered flashless without 
loss of ballistic potential by Incorporation of 5-aminotetra-
zole (l). They have also been used as binders In composite 
propellants, match compositions and as catalyst in various poly-
merization. They are used in fibre, dyestuff, textile industries 
and have applications in photography also. On the biological 
side the best known, pentamethylenetetrazole (II) is a potent 
stimulant of the central nervous system and is used clinically 
3 
to counteract intoxication due to overdosage of barbiturates . 
It has been used to produce convulsion in the shock treatment 
of certain psychosis. These convulsive effects have suggested 
its use as a bird management chemical. Birds ingesting it p-n\xz 
distress cries Cdusing other birds to avoid the are^, 
Tne anticonvulsant, hypertensive and andrengergic blocking 
: 122 : 
actions are also exhibited by a number of S-monosuo?tituted 
2 
tetrazoles . 
"\r 
( I ) ( II ) 
The synthesis of tetrazoles may be carried out by (i) 
oxidative ring closure, (ii^ hydrazine azide reaction, (iii) 
rearrangements, (iv) acylhydrazine diazonium reaction (v) 
addition of hydrazoic acid to compounds having carbon-nitrogen 
unsaturation such as nitriles, cyanates, isothiocyanates and 
cyanamides and hydrazine-nitrile reaction. One of the most 
valuable method for preparation of tetrazole is the rearrange-
ment reaction between ketones and an excess of hydrazoic acid 
in presence of strong acids as catalyst, a modification of the 
Schmidt reactions 4,5 
The reaction has found its most extensive applications 
with cyclic ketones with better yields as comMc^ ren to 
the acyclic ketones. Champman et al. obtained pentamethylene 
tetrazole ( II ) from cyclohexanone ( III ). Benson synthesized 
the same tetrazole ( II ) from cyclohexanoneoxime ( IV ), 
NaN3, C6H6 
NOH 
NaN3,Py 
POCl-
( III ) ( II ) ( IV ) 
: 123 : 
A probable mechanism for this transformation has been 
7 
given by Smith in which the first step is the conversion of 
the compound to a carbonium ion under the influence of acid 
catalyst. This is followed by combination with one molecule 
of hydrazoic acid, dehydration of the intermediate and rearrange-
ment to an imidocarbonium ion with a simultaneous loss of nitro-
gen. The formation of tetrazole takes place with a reaction of 
second molecule of hydrazoic acid an imido carbonium ion, the 
positive charge being lost as a proton but instead of tetrazole 
a lactam is obtained, if water molecule reacts with the imido-
carbonium ion in place of a second molecule of hydrazoic acid. 
The mechanism accounts satisfactorily for the necessity of 
using strong acid as catalyst. 
R^C = 0 + H^ > R^C = 0^ - H > R2C^-0-H ^ > 
- + -H^O + -N^ + 
R^C - N - N ^  N — ^ > R2C=N-N=N ^ > R - C = NR 
^ \ ^ 
R - C - N - R R - C - N - R 
,^-R R - p i 
N^ /.N O H 
When a mixture of 2-methylpropanal ( V ), trimethylsilyl 
azide (3 equiv.) and zinc chloride (1 equiv.) was stirred at 
room temperature yielded l-(l-methyl-ethyl)IH-tetrazole ( VI ) 
and 5-(l-hydroxy-2-methylpropyl)-l-(l-methyl ethyl)-tetrazole 
( VII f . 
: 124 : 
CH3—CH-CHO (CH3)3SiN3 
CHo 
( V ) 
ZnCL " 3 ^ 
H3C 
CH - N - CH 
/ 
N ^  N 
^ / 
N 
( VI ) 
H^C OH CH^ 
^\ I / ' 
CH-N - C - C - CH 
( VII ) 
By the reaction of sodium azide on the oximes of methyl 
oleanonate ( VIII ) and methyl betulonate ( IX ) in methylene 
chloride in presence of chlorosulphonic acid furnished 4-aza-
A-homo-olean-28(13) lactone[3,4-d]tetrazole ( X ) and 4-a2a-A-
9 
homo-28-oxoallobetulin[3,4-d]tetrazole ( XI ). 
NOH 
COOCH. 
^ NaN3,c;H2Cl2: 
=0 
( VIII ) ( X ) 
: 125 : 
COOCH-
NaN3,CH2Cl2 
( IX ) ( XI ) 
Haughton et al. prepared 1,5-diaryl tetrazole ( XIII ) 
by the reaction of imidoyl chlorides ( XII ) with sodium azide 
in N,N-dimethylformamide. 
NaN. 
DMF 
( XII ) 
Methyl-5-(acetylamino)-3,5-didesoxy-^-D-glycero-D-galacto-
2-nonulo-pyranosidonic methyl ester ( XIV ) was transformed 
into the corresponding amides (XV-XVI ), the peracetylated 
( XV-XVI ) were converted with POCl- into the nitrile deriva-
tive ( XVII ) which on reaction with ammonium azide furnished 
( XVIII, XIX ) with a bioisosteric tetrazole function. 
126 : 
OH 
H-
HO 
\ 
\ 
OCH3 
CONH, 
( XIV ) ( XV ) 
( XVI ) 
H 
CH3CO 
POCl. 
OCH 
R 
( XVIII ) H 
( XIX ) CH3CO 
( XVII ) 
12 Chorakov et al. prepared the sodium salt of l-oxy-5-
cyanotetrazole ( XXI ) from aminoazidofurazane ( XX ). 
H^N ,NH 2 NaNO 
I O^' AcOH-Et^O 
CN 1 
- + 
-N-O-Na 
( XX ) ( XXI ) 
: 127 : 
13 Hassner et al. reported one of the most valuable method 
for the preparation of 1,5-disubstituted tetrazoles in which 
a carbon carbon double bond was made to react with halogen and 
sodium azide using nitriles as a solvent and proposed the 
following mechanism for the formation of tetrazole. 
NaN3,RCN - > 
NaN, 
r 
^N=CR 
OH 
] 
'>J=C-R 
N/3 N-C-R 
H 0 
Steroidal Tetrazoles : 
Probably the first example of the formation of a tetrazole 
14 in steroid and triterpenoid was given by Barries et al. in 
1952. Treatment of 3^-acetoxy-7,ll-dioxolanost-8-ene ( XXII ) 
with hydrazoic acid gave two isomeric monolactams ( XXIII ) 
( XXIV ) and a tetrazole which was considered to be formed by 
: 128 : 
the reaction with 7-oxo function, having the structure ( XXV ) 
or ( XXVI ), The structure of the tetrazole could not be 
established very acurately. 
CgHj_y 
HN. 
N-H 
( XXII ) ( XXIII ) 
or 
AcO 
( XXIV ) 
( XXV ) ( XXVI ) 
steroidal tetrazoles did not attract the attention of 
15 
synthetic organic chemists until 1968, when Mechoulam 
reported the syntheses of a number of ring A fused steroidal 
tetrazoles and claimed that some of them possess antifertility 
and antispermatogenic activities. From the reaction of ^a-
cholestan-3-one ( XXVII ) using excess of hydrazoic acid, 
Mechoulam obtained mixtures of isomeric tetrazoles ( XXVIII ) 
and ( XXIX ) respectively. 
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^8^17 
( XXVII ) ( XXVIII ) ( XXIX ) 
Similar treatment of 20,20-ethylenedioxy-5a-pregnan-3-one 
( XXX ) afforded a mixture of 17p-(5-methyltetrazin-l-yl)3-aza-
A-homo-5a-androstano[3,4-d]tetrazole ( XXXI ) and its 4-aza-i 
isomer ( XXXII ) 15 
( XXX ) ( XXXI ) ( XXXII ) 
In 1970, Moural and Syhora reported the synthesis of a 
series of 3-aza-A-homo-4a-eno[3,4-dJtetrazole analogues from 
the corresponding 3-oxo-4-eno steroids by the reaction of 
hydrazoic acid. The reaction of 3-oxoandrost-4--en-17^-propio-
nate ( XXXIII ) has been reported to yield tetrazole ( XXXIV ) 
: 130 : 
which on hydrogenation gave the corresponding dihydroderivative 
( XXXV ). The tetrazole ( XXXIV ) was also obtained when 3-hydro-
ximinoandrost-4--en-17^-propionate ( XXXVI ) was treated with 
hydrazoic acid. Similarly 3-oxocholest-4-ene ( XXXVII ) yielded 
3-aza-A-homocholest-4a-eno[3,4-d]tetrazole ( XXXVIII ), 
OCOC2H5 
R 
( XXXIII ) 0 
( XXXVI ) NOH 
( XXXIV ) ( XXXV ) 
( XXXVII ) ( XXXVIII ) 
: 131 : 
17 Singh et al. obtained 3-aza-A-homo-(25R)-spirost-4a-
eno[3,4-ci]tetrazole ( XL ) in preference to the isomer ( XLI ) 
on treating (25R)-spirost-4~en-3-one ( XXXIX ) with hydrazoic 
acid in the presence of BF„-etherate as catalyst. The 
structure ( XL ) was confirmed on the basis of spectral data. 
The observation was that, the Schmidt reaction of 4-ene-3-one 
or the Beckmann rearrangement of the corresponding oxime gene-
rally afforded lactam with 3-a2a-A~homo-4a-eno-one system, also 
supported the structure ( XL ) in preference to ( XLI ). Markers 
degradation of the tetrazole ( XL ) gave 3-aza-A-homopregna-4a, 
16-dieno[3,4-d]tetrazole-20-one ( XLII ). 
( XXXIX ) ( XL ) ( XLI ) 
( XLII ) 
: 132 : 
Singh et al. * have reported the reaction of ancirost-4-
ene-13,17-dione ( XLIII ) with hydrazoic acid and BF^-etherate 
in chloroform to yield the expected 3,17a-diaza-A,D-bishomo-
androst-4a-eno[3,4-d, 17a, 17-d]bis-tetrazole ( XLIV ) and an 
unusual product 13,17-seco-13a-azido-A-honioandrost-4a-eno[3, 4-d ] 
tetrazole-17-nitrile ( XLV ). The azidonitrile ( XLV ) cyclizes 
on heating to ( XLIV ). The structures were unequivocally estab-
lished on spectral evidences. This example is claimed to be the 
first of its kind for the formation of azidonitrile in Schmidt 
reaction and its thermal cyclization to a tetrazole. 
(XLIII) 
HN. BF^-etherate] 
( XLIV ) 
: 133 : 
20 
I t has been r e p o r t e d by Singh and Paul t h a t t h e t r e a t -
ment of 17a-methy l -17a-aza-D-homoandros t -4 -en-3-one ( XLVI ) 
with an excess of hydrazoic ac id in the p r e sence of BF^-e tho ra t e 
afforded 17a -me thy l -3 ,17a -d iazo -A,D-b i shomoandros t -4a -enoL3 ,4 -d ] 
t e t r a z o l e ( XLVII ) . 
( XLVI ) 
HN-
B F ^ - e t h e r a t e 
II 4 
N 
yy 
/x^ 
( XLVII ) 
21 Singh e t a l . have r e p o r t e d t h e s y n t h e s i s of t e t r a z o l e 
from r e a c t i o n of p r o g e s t e r o n e wi th hydrazoic ac id cind PF^-
e t h e r a t e . P roges t e rone ( XLVIII ) was shown t o afford 17^-
a c e t a m i d o - 3 - a z a - A - h o m o a n d r o s t - 4 a - e n o [ 3 , 4 - d J t e t r a z o l e ( XLIX ) 
and 1 7 p - ( 5 * - m e t h y l - t e t r a z o l - l ' - y l ) 3 - a z a - A - h o m o a n d r o s t - 4 a - e n o 
[3,4-d]tetrazole ( L }. The structure ( L ) was further 
confirmed when the same was obtained by the reaction of 17p-
acetomidoandorost-4-en-3-one ( LI ) with hydrazoic acid and 
BF^-etherate. 
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HN, 
BF^-ptherate 
( XLVIII ) 
• t 
( LI ) ( L ; 
22 23 The reac t ions * of 6^-bromocholest-4-en-3-one ( LII ) 
6-acetoxycholesta-4,6-clien-3-one ( LIII ) and 6-ethoxycholesta-
4,6-ciien-3-one ( LIV ) with on excess of hydrazoic acid in the 
21 22 presence of BF^-etherate were also studied ' . The reac t ion 
of ( LII ) provided exclusively 3-aza-A-homocholesta-4a,6-dieno 
[ 3 , 4 - d ] t e t r a z o l e ( LV ) . Under s imilar r eac t ion condit ions 
( LIII ) furnished 6-acetoxy-3-aza-A-homocholesta-4a,6-dieno 
[3 ,4~d] te t razo le ( LVI ) and ( LIV ) provided ( LVII ) , ( LVIII ) 
and ( LIX ) . 
t ^oO • 
CgHj_y 
( L I I ) 
R 
( LV ) H 
( LVI ) OAc 
( L I I I ; 
^8^17 
( LIV ) ( LVII ) ( LVIII ) 
( LIX ) 
: 136 : 
Reaction of 4-methylcholest-4-en-3-one ( LX ) with an 
excess of hydrazoic acid provided 3-aza-A-homocholest-4a-en-
4-one ( LXI ) and 3-aza-A-homo-4a-methylcholest-4a-eno[3,4-d] 
t e t r a z o l e ( LXII ) . 4-Ethylcholest -4-en-3-one ( LXIII ) 
afforded 3-aza-A-homo-4a-ethylcholest -4a-eno[3,4-d] te t razole 
( LXIV ) and i t s 4-aza isomers ( LXV ) . Under s imi la r r eac t ion 
condit ions 4,4--dimethylcholest-5-en-3-one ( LXVI ) provided 
4 ,4-dimethyl-5a-choles tane-3,6-dione (LXVI) and 4-aza-A-homo-4a, 
4a-dimethyl cho les t~5-eno[4 ,3-d] te t razo le ( LXVIII ) where 
as 4 ,4 -d ie thy lcho les t -5 -en-3-one ( LXIX ) furnished 4-aza-
A-homo-4a ,4a-die thylcholes t -5-eno[4 ,3-d] te t razole ( LXX ) and 
4 , 4 - d i e t h y l - 3 , 4 - s e c o - 4 p - a z i d o c h o l e s t - 5 - e n - 3 - n i t r i l e ( LXXI ) 24 
CQHJ_7 
R 
CH. ( LX ) 
( LXIII ) C2H5 
( LXV ) 
H-N' 
(LXVI) 
(LXIX) 
R 
CH. 
R« 
CH-
^2^5 ^2^5 
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( LXVII ) 
NC N3 T 
R R* 
(LXVIII) CH3 CH3 ( LXXI ) 
( LXX } C2H5 C2H5 
25 A number of t e t r a z o l e have been r e p o r t e d p o s s e s s i n g the 
6 - a z a - B - h o m o - - 5 a - c h o l e s t a n o [ 6 , 7 - d ] t e t r a z o l e f u n c t i o n a l i t i e s from 
the co r r e spond ing 5 a - c h o l e s t a n - 6 - o n e s , under t h e usua l r e a c t i o n 
c o n d i t i o n s 5a~cho l e s t an -6 -one ( LXXIII ) , i t s 3^-acetoxy 
( LXXIV ) 3^-hydroxy ( LXXV ) and 30-ch lo ro ( LXXVI ) ana logues 
fu rn i shed t h e co r r e spond ing t e t r a z o l e s ( LXXVII-LXXX ) and t h e 
lactams ( LXXXI-LXXXIV ) . S i m i l a r t ypes of ke tones ( LXXXV-
XCII ) i n s t i g m a s t a n e s e r i e s a l s o fu rn i shed t h e cor responding 
t e t r a z o l e s ( XCIII-XCIX ) 26 
( LXXIII ) 
( LXXIV ) 
( LXXV ) 
( LXXVI ) 
R R R 
H ( LXXVII ) H ( LXXXI ) H 
AcO ( LXXV III ) AcO ( LXXXII ) AcO 
OH ( LXXIX ) OH ( LXXXIII ) OH 
CI ( LXXX ) CI ( LXXXIV ) CI 
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^lo"21 
^10^21 
( LXXXV ) 
( LXXXVI ) 
( LXXXVII ) 
CI 
OAc 
OH 
( LXXXVIII ) ( LXXXIX) 
( XCI ) 
( XCII ) 
CI 
OAc 
OH 
^ / 
( XCVI ) 
R 
( XCVII ) CI 
( XCVIII ) OAc 
( XCIX ) OH 
: 139 : 
The r e a c t i o n of 5 -bromo~5a-cho les tan-6-one ( C ) i t s 
3^-hyciroxy ( CI ) and i t s 3p -ace toxy ana logues ( CXI ) with 
hydrazoic ac id afforded t h e co r re spond ing t e t r a z o l e s 6 - a z a - 5 -
b r o m o - B - h o m o - 5 a - c h o l e s t a n o [ 6 , 7 - d J t e t r a z o l e ( C I I I ) , i t s 
3^-acetoxy ( CIV ) and 3p-hydroxy ( CV ) a n a l o g u e s . Dehydro-
bromina t ion of t h e s e t e t r a z o l e s ( CIII-CV ) af forded 6-aza-B~ 
h o m o c h o l e s t - 4 - e n o [ 6 , 7 - d ] t e t r a z o l e ( CVI ) , i t s 3P-acetoxy 
( CVII ) and 3^-hydroxy ( CVIII ) ana logues . Jones o x i d a t i o n 
of C CVI ) gave 6-aza-3--oxo-B-homocholest--4-enoL6, 7 - d J t e t r a z o l e 
( CIX ) ^ ^ . 
CQH^J 
( CIX ) 
/>«^ 
(CVI) 
(CVII) 
(CVIII) 
R 
H 
OAc 
OH 
: 140 : 
The reaction of 7a-aza-B-homocholest-4-eno[7a,7-d]tetrazol-
3-one ( CX ) with equimolar quantity of sodium azide in poly-
phosphoric acid gave 4,7a-aZa-A,B~bishomocholest-4a-eno[7a,7-d] 
tetrazole-3-one ( CXI ) with an excess of hydrazoic acid ( CX ) 
provided a bistetrazole which could have either 3,7a-diaza-A,B-
bishomocholest-4a-eno[3,4--d; 7a-7-d]bistetrazoIe ( CXII ) or 
its ^^-isomer ( CXIII )^^. 
98Hl7 
HN3 
• > 
( CX ) . ( CXI ) 
l^h^J 
( CXII ) ( CXIII ) 
: 141 : 
Reaction of (2bR)-7-oxospirost-5-en-3p-yl acetate ( CXIV ) 
with hydrazoic acid afforded the corresponding tetrazole ( CXV ) 
Markers degradation followed by selective hydrogenation of 
( CXV ) yielded 20-oxo-7a-aza-B-homopregan-5.l6-dieno[7a, 7-d] 
teteazole-3^-yl acetate ( CXVI ). The tetrazole ( CXV ) on 
hydrolysis followed by oppenauer oxidation afforded 7a-aza-B-
homopregen-4-eno[7a,7-d]tetrazol-3,20-dione ( CXVII ). The 
treatment of 7-oxoandrost-5-en-3^-17^-diol diacetate ( CXVIII ) 
with hydrazoic acid afforded 7a-aza-B-homoandrost-5-eno-[7a»7~d] 
tetrazole-3p,17^-diol diacetate ( CXIX ). This tetrazole 
( CXIX ) afforded 3-oxo-7a--aza-B~homoandrost-4-eno[7a,7-d] 
tetrazol-17^-yl acetate ( CXX ) on hydrolysis followed by 
29 
oppenaur oxidation 
( CXVI ) 
; 142 : 
OAc 
AcO AcO' 
( CXVIII ) ( CXIX ) 
(CXVII) COCH3 
(CXX) OAc 
30 
Singh et al. reported the formation of 3-methoxy-17a-
aza-D-homo-l,3,5(lO)-estratrieno[l7a,17~d]tetrazole ( CXXII ) 
and 3-methoxy-13,17-seco-13a-azido-l,3,5(lO)-estratrieno-17-
nitrile ( CXXIII ) from estrone methyl ester ( CXXI ) using an 
excess of hydrazoic acid. The azido nitrile ( CXXIII ) on 
thermal cyclization provided tetrazole ( CXXII ). 
( CXXI ) 
, J_ -! O • 
N=N 
3CN 
( CXXII ) ( CXXIII ) 
31 Cervantes et al. reported the formation of ring fused 
tetrazoles from the reaction of 17-ketoximes with an excess 
of sodium azide in the presence of sulfuric acid. The reaction 
of 5a-androstan-17-one oxime ( CXXIV ) was shown to afford 
17a-aza-D-homo-5a-androstano[l7a,17~d]tetrazole ( CXXV ) and 
D-homolactam ( CXXVI ). Similarly the oxime ( CXXVII-CXXV'III ) 
furnished 3^-acetoxy-17a-aza-D-homo--5a-androstano[ 17a, 17-d] 
tetrazole ( CXXIX ), its 3^~hydroxy analogue ( CXXX ) and the 
lactam ( CXXI-CXXXII ). Similarly the oxime ( CXXXIII ) yielded 
17a-aza-3-hydroxy-D-homo~estra-l,3,5(10)-trieno[17a,17-d] 
tetrazol-3-methyl ether ( CXXXIV ) alongwith the lactam ( CXXXV ) 
and seconitrile ( CXXXVI ). 
NOH 
NaN3 
H2SO4 -> 
(CXXIV) 
(CXXVII) 
R 
H 
OAc 
(CXXV) 
(CXXIX) 
(CXXX) 
R 
H 
OAc 
OH 
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NOH 
(CXXVI) 
(CXXXI) 
(CXXXII) 
R 
H 
OAc 
OH 
NaN3 
H2SO4 
N__K 
C cxxxiii ) ( CXXXIV ) 
( cxxxv ) ( cxxxvI ) 
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When 5 a - c y a n o c h o l e s t - 3 - e n - 6 - o n e ( CXXXVII ) and 3 ,5 -d icyano-
b a - c h o l e s t - 3 - e n - 6 - o n e ( CXXXVIII ) were t r e a t e d with an excess 
of hydrazoic ac id and B F o - e t h e r a t e (as c a t a l y s t ) afforded 5 a -
c y a n o - 6 - a z a - B - h o i n o c h o l e s t - 3 - e n o [ 6 , 7 - d ] t e t r a z o l e ( CXXXIX ) and 
39 3 , 5 - d i c y a n o - 6 - a z a - B - h o m o c h o l e s t - 3 - e n o [ 6 , 7 - - d ] t e t r a z o l e ( CXL ) 
HN-
BF - e t h e r a t e 
3 ; . 
NC 0 
( CXXXVII ) 
• t 
• > 
z ^ -
( CXXXIX ) 
( CXXXVIII ) ( CXL ) 
S y n t h e s i s of b r o m o t e t r a z o l e s ( CXLI-CXLIII ) by the 
r e a c t i o n of t h e i r r e s p e c t i v e a-bromo ke tones ( CXLIV-CXLVI ) 
with hydrazoic acid in p re sence of BF^-etheratv. was ..J .o 
33 
r e p o r t e d 
: 146 
CgHj_y 
i ^ 
B F 3 - e t h e x d t e ^ 
( CXLIV ) 
( CXLV ) 
( CXLVI ) 
R 
H 
CI 
OAc 
R 
( CXLI ) H 
( CXLII ) CI 
( CXLIII ) OAc 
Mi^msiiiion 
steroidal tetrazoles have become of interest in recent 
years on account of discovery of biological activities such 
2 2 3 4 35 
as hypertensive , anticanvulsant ' * , antiallergic , anti-
-3^ -jy q y o o 
ulcer , a n t i b a c t e r i a l , a n t i v i r a l and analgesic , 
associated with a number of subs t i tu ted t e t r a z o l e s . As a 
r e s u l t of t h i s r e a l i z a t i o n , synthesis of s t e r o i d a l t e t r a z o l e s 
became a matter of much i n t e r e s t and consequently we have 
synthesized fused s t e r o i d a l t e t r a z o l e s and bromo subs t i tu ted 
s t e r o i d a l t e t r a z o l e s from eas i ly access ib le 4-en-3-one s t e ro ids 
and s t e r o i d a l o lef ins r e s p e c t i v e l y . 
The present work descr ibes the synthesis of fused s t e r o i d a l 
t e t r a z o l e s ( CXLVIII-CLV ) and bromotetrazoles ( CLXII-CLXVIII ) 
derived from 4-en-3-one s t e ro id s such as cholest -4-ene-3-one 
( CXLVII ) , s t igmast-4-en-3-one ( CL ) s t igmast-4,22-dipne-3-one 
( CLIII ) , cholest -5-ene ( CLVI ) i t s 3p-chloro ( ClVII ) , 
3j3--acetoxy ( CLVIII ) analogues, s t igmast-5-ene ( CLIX ) , i t s 
3/3-chloro (CLX ) and 3^-acetoxy ( CLXI ) analogues, r espec t ive ly 
: 148 : 
B F o - e t h e r a ' t e 
(CXLVIII) 
(CL) 
( C L I I I ) 
R 
^ 8 " l 7 
^10^21 
^10^19 
(CXLVIII) 
( C L I I ) 
(CLV) 
NaN 3» 
PhCN AlCl 
R 
^10^21 
^10^19 
R R' R R' 
(CLVI) 
(CLVII) 
(CLVIII) 
(CLIX) 
(CLX) 
(CLXI) 
H 
CI 
OAc 
H 
CI 
OAc 
CgHj^ y 
CgH^y 
^S^l? 
^10^21 
^10^21 
^10^21 
(CLXII) 
(CLXII I ) 
(CLX IV) 
(CLXV) 
(CLXVi; 
(CLXVII) 
H CgH^^ 
CI 
^8^17 
OAc CgH^^ 
H 
CI 
^ 1 0 ^ 2 1 
^10^21 
OAC C^QH^^L 
: 149 : 
Reaction of cholest-4--en~3-one ( CXLVII ) with an excess of 
hydrazoic acid, BF-^-etherate : 
Cholest-4-en-3-one ( CXLVII ) in benzene was treated with 
excess of hydrazoic acid solution (prepared according to the 
method described by Moural and Syhora ) in the presence of BFo-
etherate (as catalyst). After usual workup of the reaction 
mixture and crystallization afforded compound, m.p. 175 . 
CgHj^ y 
/X, 
HN, 
BFo-etherate ^ N— 
( CXLVII ) 
or 
( CXLVIII ) 
1\. 
Tf (CXLIX) 
Characterization of the compound, m.p. 175 as 3-aza-A-homo-
cholest-4a-eno[3.4-dltetrazole ( CXLVIII ) : 
The compound, m.p. 175° was correctly analysed for 
^27^44^4* *^^ ^ ^^ spectrum exhibited bands at 1530 (C=N), 1465 
and 1380 cm (N=N), indicating the presence of tetrazole moiety 
in the compound and 1610 cm" for (C=C). On the basis of ele-
mental analysis and IR data, two isomeric structure ( CXLVIII ) 
: 150 : 
and ( CXLIX ) can be written for the compound, m.p. 175 . 
A clear distinction between the two was made possible with 
the help of H-NMR spectrum. It has been reported by Maio 
and permutti that H-NMR of the tetrazole (ll) exhibits a 
multiplet for two protons at d 4,48 which is ascribable to 
the methylene group directly attached to the nitrogen atom and 
other two protons multiplet at d 3.02 due to the methylene 
group adjacent to C=N function of the tetrazole moiety. 
d 4.48 
( II ) 
The H-NMR spectrum of the compound, m.p. 175 displayed 
a singlet at 6 6.24 integrating for one proton and was assigned 
to (C4ci-.vinylic H). A multiplet at d 4.65 integrating for two 
protons was due to the C2a-methylene group. The spectrum was 
almost clean in the region d 3.4 which eliminated the 4-aza-
structure ( CXLIX ) and supporting 3-aza structure ( CXLVIII ) 
for compound, m.p. 175 . Angular and side chain methyl protons 
were observed at d 1.23 (CIO-CH3), 0.67 (CI3-CH3), 0.91 and 0.81 
(other methyl protons). Further evidence in support of 
structure ( CXLVIII ) was found by its mass spectrum. The mass 
spectrum of the compound ( CXLVIII ) showed molecular ion peak 
: 151 : 
a t M. 424 (CpyH. .N. ) a l o n g w i t h o t h e r s i g n i f i c a n t i o n s a t rr./z 
4 2 3 , 4 0 9 , 3 8 1 , 3 1 1 , 2 7 1 , 2 6 9 , 177 , 164, 163 and o t h e r lower 
mass p e a k s . F o r m a t i o n of some of t h e f r a g m e n t i o n s has been 
shown i n scheme-1 . . On t h e b a s i s of above e v i d e n c e s t h e s t r u c -
t u r e f o r t h e compound, m . p . 175 was c h a r a c t e r i z e d as 3 -aza -A-
h o m o c h o l e s t - 4 a - e n o [ 3 , 4 - d ] t e t r a z o l e ( CXLVIII ) . 
Scheme-1 
m/z 311 . 
m / z 21-} <: 
m/z 269 <-
"^11^23 N -^ 
m/z 177 
^ (CXLVIII) 
^8^17 
> m/z 423 
> m/z 409 
r H ~'^2 
> m/z 163 
m / z 164 
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Reaction of stiqmast-4--en-3-one with an excess ot hydiazolc acid 
and BFo-etherate : 
Stigmast-4-en-3-one ( CL ) was treated with excess of 
hydrazoic acid in the presence of BF^-etherate (as catalyst). 
The reaction mixture was worked up as usual and after crysta-
llization afforded the compound, m.p. 158 . 
910^21 
HN-
> 
BFg-etherate 
( CL ) ( CLI) 
( CLII ) 
o^ Characterization of the compound. m.p» 158 as 3-aza-A~homo-
stiqmast-4a-eno[3,4-d]tetrazole ( CLI ) : 
The compound, m.p. 158 showed elemental analysis, compa-
tible with molecular formula C^QH N . The IF! spectrum of the 
compound showed absorption band at 1610 cm" for (C=C). S+rong 
: 153 : 
bands at 1525, 1465 and 1380 cm"" show the presence of tetra-
zole moiety. On the basis of elemental analysis and IR spectrum^ 
two possible structures ( CLI ) and ( CLII ) may be proposed for 
the compound, m.p. 158 . 
The distinction between these two structures ( CLI ) and 
( CLII ) was made on the basis of H-^ JMR spectrum, which exhi-
bited a sharp singlet at d 6.14 integrating for one proton which 
was assigned to (C4a-vinylic proton), while C2a-methylene r-r^'•--r. • 
appeared as multiplet at d 4,54, In thr c-ise -i: s;.r -.. 
( CLII ) C2a-methylene protons are likely to appear at upfieid 
around d 3-4 due to this, the structure ( CLII ) was discarded. 
Other signals were observed at d 1.18 (CIO-CH3), 0,65 (CIS-CH^), 
0.9 and 0,8 (remaining methyl protons). Thus on the basis of 
elemental analysis and spectral data; the compound, m.p. 158° 
was characterized as 3-aza-A-homostigmast-4a-eno[3,4-d]tetrazole 
( CLI ), This structure was further supported by its mass 
spectral studies. The mass spectrum of the compound ( CLI ) 
showed molecular ion peak at M. 452 (.C^QH^QN.) alongwith signi-
ficant fragment ions at m/z 451, 437, 409, 285, 271, 269, 177, 
164, 163 and other lower mass peaks. Formation of some of 
these ions has been shown in scheme-2. 
Scneme-2 : 154 : 
m/z 311 
• 
^10^21 
m /z 269 ^ 
—1+ 
'10^ 21 
m/z 271 < "^13"25 
-H 
-^  m/z 451 
-CH3 
•> m/z 437 
Mt 452 (CLI) 
-N. 
4^/ 
^10^21 m/z 409 
^10^21 
m/z 164 
f 
-H 
m/z 163 
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Reaction of stiqmast-4,22-rdien-3-one ( CLIII ) with hydrazoic 
acid and BF^-etherate : 
Stigmast-4,22-dien-3-one ( CLIII ) was treated with the 
excess of hydrazoic acid and BF2-etherate (as catalyst). Then 
the reaction mixture was worked up in usual manner and after 
crystallization afforded the compound, m.p. 138 . 
^10^19 
( CLIII ) 
HN^  
BF^-Ethe ra te > Nh= 
( CLIV ) 
or 
( CLV ) 
C h a r a c t e r i z a t i o n of t h e compound, m.p, 138° as 3 -aza-A-homost iq-
m a s t - 4 . 2 2 - d i e n - 4 a - e n o r 3 . 4 - d J t e t r a z o l e ( CLIV ) : 
The compound, m.p. 138° was analysed fo r ^n'^Ad^A' "^^^ ^^ 
spectrum of t h e compound showed bands at 1620, 1520, 1465, 1370 
cm" . The band a t 1620 cm" i n d i c a t e s t h e p resence of (C=C) and 
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1520, 1465 and 1370 cm" for tetrazole moiety. Elemental 
analysis and IR spectral data suggest two possible structures 
( CLIV ) and ( CLV ) for the compound, m.p. 138°. Distinction 
between these two structures was made on the basis of H-NMR 
data. A sharp singlet at d 6.14 integrating for one proton was 
assigned to (C4a-vinylic proton). ^ signal for C21-H was observed 
as a triplet at d 5.25. The C2a-methylene protons were appeared 
ds a multiplet at d 4.59. In the case of alternate structure 
( CLIV ) C2a-methylene protons are likely to appear around d 3-4. 
Therefore, 4-aza-tetrazole structure ( CLV ) was discarded. 
Other signals were observed at d 1.2 (ClO-CH^), 0.68 (CI3-CH2), 
0.9 and 0.81 (other methyl protons). Thus on the basis of 
foregoing facts, the compound, m.p. 138 was characterized as 
3-aza-A-homostigmast~4,22~dien-4a-eno-[3,4-d]tetrazole ( CLIV ). 
This structure was further supported by its mass spectral 
studies. The mass spectrum of the compound ( CLIV ) showed 
molecular ion peak at M. 450 (C^gH^.N.) alongwith other important 
fragment ions such as at m/z 449, 435, 407, 283, 269, 267, 175, 
162, 161 and other lower mass peaks. The formation of the 
salient fragment ions was shown in scheme-3. 
: 157 
bcheme-3 
9ioH 
ra/z 271 <^  ^^ 23 
N 
m/z 269 ^ 
- I sHoR N -C13H25 
19| 
-H 
• ^ m / Z 4 4 9 
-CH. 
M. 450 (CLIV) •> m/z 435 
^10^19 m/z 407 
m/z 163 
m / z 177 m / z 164 
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Reaction of cholest-5-ene ( CLVI ) with bromine. Benzonltrile 
and sodium azide in presence of anhydrous aluminium chloride : 
Cholest-5-ene ( CLVI ) in benzonltrile was treated with 
bromine and sodium azide in presence of anhydrous aluminium 
chloride. The suspension was stirred at O C and room temperature 
for 6 hrs. The progress of the reaction was monitored by TLC. 
The solvent was removed under reduced pressure and the residue 
was extracted with chloroform. The organic layer was washed 
with water and sodium bicarbonate solution {b%) and again with 
water and dried over anhydrous sodium sulphate. The removal of 
the solvent provided an oily residue which was chromatoqraphed 
over silica gel column to afford compound, m.p. 148°. 
CgHj^ y 
B r 2 , N a N 3 , A l C l 3 
PhCN ^ 
( CLVI ) ( CLXII ) 
Characterization of the compound, m.p. 148*^  as 5-bromo-5a-
cholest--6g(l')-phenvltetrazole ( CLXII ); 
The compound, m.p. 148° was correctly analysed for C^^H^^N.Br 
34 ol 4 
(positive Beilstein test). The IR spectrum exhibited bands at 
: 15 V : 
1595 (phenyl), 1530, 1465, 1385 (C=N and N=N)-^^»-^^ and 740 cm"-^  
(C-Br). In its H-NMR spectrum, a broad mujtiolt--. a.^pea^ea at 
d 7.58 integrating for five protons ana was assigned to 5*-phenyl 
protons of tetrazole moiety. A multiplet appeared at d 3.1 
(Wl/2 = 4Hz, equatorial) integrating for one proton was assigned 
for C6a-H. Other methyl protons were appeared at d 1.02 (ClO-
CH3), 0.7 (CI3-CH3), 0.96 and 0.81 (other side chain methyl 
protons). On the basis of elemental and spectral analysis, the 
compound, m.p. 148° was characterized as 5-bromo-5a-cholest-6P(1')-
5'-phenyl tetrazole ( CLXII ). The structure ( CLXII ) was 
further supported by its mass spectral studies. The mass spectrum 
of the compound ( CLXII ) showed molecular ion peak at Mt(594/596; 
C^^Hp^-iN.Br) along with significant fragment ions such as m/z 
579/581, 514, 481/483, 449/451, ^^Q/^^O, 36^^ and other lower mass 
fragments. The formation of some of these ions has been shown 
in scheme-1. 
m/z 481/483 f-
-C8H17 
m /z 36 <-
-C7H5N4 
Scheme-1 
m/z 514 
?8^17 
> m/z 579/581 
M. 594/596 (CLXIl) 
-C7H6N4 
m/z 448/450 
•CH-i-
m /z 433/435 
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Reaction of 3g-chloro-cholest-5-ene ( CLVII ) with bromine. 
benzonltrile and sodium azide in presence of anhydrous aluminium 
chloride : 
3^-Chlorocholest--5-ene ( CLVII ) in benzonltrile was treated 
with bromine and sodium azide in presence of anhydrous aluminium 
chloride under similar reaction conditions as mentioned earlier. 
The usual work up and column chromatographic separation afforded 
the compound, m.p, 135 . 
CsHl? 
NaN3, Br2 
> PhCN, AICI3 
( CLVII ) ( CLXIII ) 
Characterization of the compound, m.p. 135 as 3g-chloro-5-bromo-
5a-cholest~6B(l')-5*-phenvltetrazole ( CLXIII ) : 
The compound, m.p. 135° was analysed for C^ .H^ -^ N BrCl 
(positive Beilstein test). The IR spectrum of the compound 
showed bands at 1595 (phenyl), 1525, 1460, 1375 (C=N and N=N)-'-^ '•'•^ , 
740 and 720 cm" (C-Cl and C-Br). The -"-H-NMR spectrum of the 
compound exhibited a broad aiu:Ltipl t td 7.58 integrating for five 
protons and was assigned to phenyl group of tetrazole moiety. A 
multiplet appeared at d 3.95 (Wl/2 = 16Hz, axial, A/B ring 
: 161 : 
\39 junction trans) integrating for one proton was assigned to 
C3a-H. Another multiplet for one proton appeared at d 3.6 
(Wl/2 = 4Hz, equatorial) was assigned to C6a-H. Angular and 
side chain methyl protons were appeared at <^  1.2 (ClO-CH^)* 0.7 
(CI3-CH3), 0.91 and 0.80 (other side chain methyl proln-o'. 
The mass spectrum of the compound '' CLXIII ) (JMVO mn"" r,, ^ - •-
peak at M. 628/630/632 CC34H5oN4BrClj, along/v^tn siani: J C....-C fr .. 
ment ions at m/z 613/615/617, 592/594, 548/550, 515/517/519 
512, 482/484/486, 446/448, 402/404, 366 and other lower mass 
fragments. The formation of some of these ions has been shown 
in scheme-2. On the basis of above analytical and spectral data, 
the compound, m.p. 135 was characterized as 3p-chloro-5-bromo-
5ci-cholest-6(3-(l')-5'-phenyltetrazole ( CLXIII ) . 
Scheme-2 
C8H17 ' 
-C7H6N4 
m/z 482/484/486 < 
-HBr 
N/ 
-HCl -HBr 
>^ m/z 592/594—> m/z 512 
A^ 
-HCl M. 628/630/632 (CLXIII) 
-HBr -HCl 
m/z 548/550 
N/ 
m/z 402/404 m/z 446/443 
-HCl -HBr 
CgH-[_y 
m/z 515/517/519 m/z 613/615/617 
m /z 366 
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Reaction of ae-acetoxycholest-S-ene ( CLVIII ) with bromine. 
tyen^onitrile and sodium azide in presence of anhvorous ciluminium 
chloride : 
3p-Acetoxycholest-5-ene ( CLVIII ) in benzonitrile was 
treated with bromine and sodium azide in presence of anhydrous 
aluminium chloride under similar reaction conditions as described 
earlier. After usual work up and column chromatographic separa-
tion afforded product, m.p. 160 , 
^8^17 
Br^t NaN^ 
Ptr-CN, AlCl. 
• > 
( CLVIII ) ( CLXIV ) 
Characterization of the compound, m.p. 160 as 3g-acetoxv-5-
bromo-5a-cholest-6g(l*)-5'-phenyltetra2ole ( CLXIV ) : 
The compound, m.p. 160° was analysed for C^M ,N tir 
(positive Beilstein test). The IR' spectrum showed^baL at 
1725,^1210 (CH3COO;, 1595 (phenyl), 1520, 1465, 1380 (CN and 
multipletfor five aromatic protons at d 7.63 and was assigned to 
oroa 
: 163 : 
5*-phenyltetrazole moiety. Two multiplets appeared at d b.l2 
(Wl/2 = 17Hz, axial)^^ and d 3.06 (Wl/2 = 4Hz, equatorial) in-
tegrating for one proton each were assigned to C3a-H and C6a-H 
respectively. A singlet appeared at d 2.0 integrating for three 
protons was assigned to methyl protons of acetate moiety. Other 
methyl protons were observed at d 1.13 (CIO-CH3), 0.66 (CI3-CH2), 
0.90 and 0.80 (remaining methyl protons). On the basis of ele-
mental and spectral data,the structure of the compound, m.p. 160 
was suggested as 3f3-acetoxy-b-bromo-5a-cholest-6^( 1* )-5'-phenyl 
tetrazole ( CLXIV ) which was further supported by its mass 
spectral studies. The mass spectrum of the compound ( CLXIV ) 
exhibited molecular ion peak at Mt 620/622 (C^.Hp^oN.Br) alongwith 
important fragment ions at m/z 60.5/607, 560/562, 540, 507/ 
509, 480, 474/476, 414/416, 394, 334 and other lower mas-, frag-
ment ions. Scheme-3 can easily explains*:)the. formation of some 
of the significant fragment ions. 
Scheme-3 
m, /z 474/4 ,'„, ^ 
-C7H6N4 
>m/z '^60/562 
-AcOH ^j-HB. 
AcO 
m /z\l4/4l6 "^ /" 394 I i 
Mt 620/622 (CLXIV) 
-HBr\ /-AcOH 
•HBr 
m i/z 334 '^8^17 I 3 
m/z 507/509 
m/z 480 
m/z 605/607 
<r 
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Reaction of stiqmast-5-ene ( CLIX ) with bromine. Benzonltrile 
and sodium azide in presence of anhydrous aluminium chloride : 
Stigmast-5-ene ( CLIX ) in benzonltrile was treated with 
bromine and sodium azide in presence of anhydrous aluminium 
chloride under similar reaction conditions mentioned earlier. 
The usual work up and column chromatographic separation afforded 
the compound, m.p. 139 . 
So"21 
Br^, NaN, 
• > 
AlClo, PhCN 
•3? 
( CLIX ) ( CLXV ) 
Characterization of the compound, m.p. 139 as 5-bromo--5a-
stiqmast-6g(l*)-5'~phenvltetrazole ( CLXV ) 
The compound, m.p. 139 was correctly analysed for 
C2^ Hp^ PjN^ Br (positive Beilstein test). The IR spectrum exhibited 
bands at 1595 (phenyl), 1530, 1465, 1385 (C=N and N=N) •'-^'""-^  and 
740 cm (C-Br). In its H-NMR spectrum a broadmuitipletappeared 
at d 7.50 integrating for five protons assigned to 5'-phenyl 
protons of tetrazole moiety. A multiplet appeared at d 3.4 
(Wl/2 = 4Hz, equatorial) integrating for one proton was assigned 
: 165 : 
for C6a-H. Other methyl protons were appeared at d 1.02 
(ClO-CH^), 0.7 (CIS-CH^), 0.96, 0.81, 0.93 (other side chain 
methyl protons). On the basis of elemental and spectral analy-
sis the compound, m.p. 139 was characterized as 5-bromo-5a-
stigmast-6P(l')-5'-phenyl tetrazole ( CLXV ). The structure 
( CLXV ) Was further supported by its mass spectral studies. 
The mass spectrum of the compound ( CLXV ) showed molecular ion 
peak at M. (622/624) along vlth significant fr .jnient ions such 
as m/z 607/609, 542, 4bi/48 ^  ,-'- ./.^ yo^  397 gp^ ^ other lower mass 
fragments. The formation of some of these ions has been shown 
in scheme-4. 
m /z 542 <-
-HBr 
\k 
hC^H^N^ 
m/z 397 
910^21 
Mt 622/624 
( CLXV ) 
-CH. 
-^  m/z 607/609 
"^10^21 
^ m/z 481/483 
-C_H.N. 7 6 4 
m/z 476/478 
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Reaction of 3g-chloro-stiqmast-5-ene ( CLX ) with bromine, 
benzonitrile ana sodium azide in presence of anhydrous aluminium 
chloride : 
3p-Chlorostigmast-5-ene ( CLX ) in benzonitrile was treated 
•with bromine and sodium azide in presence of anhydrous aluminium 
chloride under similar reaction conditions as mentioned earlier. 
The usual work up and column chromatographic separation afforded 
the compound, m.p. 145 
910^21 
Br^.NaN^ 
PhCN, AICI3 
N N 
( CLX ) ( CLxvi ; 
Characterization of the compound, m.p, 145 as 3g-chloro-5-bromo-
5a--stiamast~6i3(l* )-'5*--phenvl tetrazole ( CLXVI ) : 
The compound, m.p, 145 was analysed for C-.H^ . .N .BrCl 
(positive Beilstein test). The IR spectrum of the compound 
showed bands at 1590 (phenyl), 1525, 1460, 1375 (C=N and N-N)^^'^*^, 
740 and 720 cm" (C-Cl) and (C-Br), The -""H-NMR spectrum of the 
compound displayed a broadmultipletat d 7,56 integrating for five 
protons assigned to protons of phenyl group of tetrazole 
moiety. A multiplet appeared at d 3.98 (Wl/2 = l6Fz, axial. 
: 167 : 
\39 
A/B ring junction trans) integrating for one proton was assig-
ned to C3a-H. Another multiplet for one proton appearea at d 3.^ 
(Wl/2 = 4H2, equatorial) was assigned to C6a-H. Angular and side 
chain methyl protons were appeared at d 1,2 (ClO-CH^), 0.7 (C13-
CH3), 0.93, 0.91, 0.80 (other side chain methyl protons). The 
ma ss spectrum of the compound ( CLXVI ) gave molecule ion peak 
at Mt 656/658/660 (C^ H^p^  .N .BrCl) along vuth significant fragment 
ions such as m/z 641/643/645, 620/62'-, 576/578, 540, 515/51/7519 
510/512/514, 474/476, 430/432, 394 and other lower mass fragments 
The formation of some of these ions has been shown in scheme-5. 
On the basis of above discussion the compound, m.p. 145 was 
characterized as 3^-chloro-5-bromo-5a-stigmast-6^(l*)-5'-phenyl-
tetrazole ( CLXVI ). 
Scheme-5 
?10^21 
m/z 510/512/514 "^^"^^4 
-HBr 
M/ M'' 
-HCl 
m /z 430/432 m/z 474/476 
V " " /-HBr 
^ 
-HCl 
-^  m/z 620/622-
-HBr 
-HBr 
M. 656/658/660 
(CLXVI) 
4 m/z 576/578 
-HCl 
\k 
m/z 394 
m 
^10^21 
m/z 515/517/519 m/z 641/643/645 
/z 540 f-
-CH' 
168 : 
Reaction of 3j3-acetoxvstiamast-5-ene ( CLXI ) with bromine. 
benzonitrile and sodium azide in presence of anhydrous aluminium 
chloride : 
3^~Acetoxystigmast-5-ene ( CLXI ) in benzonitrile was 
treated with bromine and sodium azide in presence of anhydrous 
aluminium chloride, under similar reaction conditions as descri-
bed earlier. After usual work up and column chromatographic 
separation afforded product, m.p. 168 . 
/ ^ \ . . 
AcO 
( CLXI ) ( CLXVII ) 
Characterization of the compound, m.p. 168 as 3g--acetoxv-5-
bromo--5a-cholest-6g(l* )-5*-phenvltetrazole ( CLXVII ) : 
The compound, m.p. 168° was analysed for CooHr--,N^ ErO^  
' 38 D7 4 2 
(positive Beilstein test>. The IR spectrum showed bancs at 
1725, 1210 (CH3UOU), 1595 (.phenyl), 1520, 1465, 1380 
i,C=W and N=N; '^"''' and 730 cm "" (C-Br> . The "^ H-NMR spectrum 
showed a broadmultipletfor five aromatic protons at d 7.63 and 
was assigned to protonb of 5'-phenyl group of tetrazole moiety. 
Two multiplets appeared at d 5.08 (Wl/2 = 17Hz, axial, A/B ring 
: 169 : 
junction trans) and d 3.06 (Wl/2 = 4Hz, equatorial) Ir.tegrating 
for one proton each were assigned to C3a-H and C6a-H respectively 
A singlet appeared at d 2.1 integrating for three protons was 
assigned to methyl protons of acetate moiety. Other methyl 
protons were observed at d 1.13 (ClO-CH^), 0.66 (CI3-CH3), 0.93, 
0.90 and 0.80 (remaining side chain methyl protons). On the Dosi 
of elemental and spectral data,the structure of the compound 
m.p. 168° was suggested as 3^-acetoxy-5~bromo-5a-stigmast-6^(l')-
5'-phenyl-tetrazole ( CLXVII ). The structure was further 
supported by its mass spectral studies. The mass spectrum of -^b-
compound ( CLXVII ) exhibited molecular ion peak at Mt (6<?V<$6'2) 
(C^gHp^^N^BrO^ ) alonq with irr.oort .'.t fraumpnt ions ^ach a? m/z 
665/667. 6-^ 0^ .^??, -'f-^ ,^ Mn, ^^o/^^Al, hjV'536, 474/47o, o4. J y4 
and other lower mass fragment ions. Scheme-6 can easily explain 
the formation of some of the significant fragment ions. 
Scheme-6 
m/z 534/536 ^ 
-^7^6% 
-AcOH 
m/z 474/476 m/z 454 
-HBr ZcOH 
m/z 394 
-HBr 
C J_QH2 J_ 
-AcOH 
M. 680/682 (CLXVII) 
V z C 
-HBr 
-HBr 
-) m/z C'CJC 
-AcOH 
m/z : 4' 4^ 
m/z ^ ?--/• ,1 m/z 005/' c" 
experimental 
Reaction of chole5t- '4-en-3-one ( CXLVII ) with hvdrazoic acid 
BF^-etherate : 3-Aza-A-homocholest-4a-eno[3, 4 -dJ t e t r azo le 
( CXLVII I ) 
A solution of cholest-4-en-3-one ( CXLVII ) (2.0 g, '5.2 
m mol), in benzene (25 ml) was added during 5 hrs. tc a mixture of 
hydrazoic acid (prepared according to the method described by 
15 Moural and Syhora) in benzene and freshly distilled br^ rmtr-'-
fluoride-etherate (2 ml) at a temperature of 0 . The reaction 
mixture was then allowed to stand at room temperature tor three 
days. Thereafter it was washed successively with water, sodium 
bicarbonate solution (5/^ ) and water. The organic layer thus 
obtained was dried over sodium sulphate (anhydrous). Reir.oval 
of the solvent yielded solid mass Vv/hich was recrystalllzed from 
chloroform - methanol (1:5) to give 3-Aza-A-hom()cholest-4a-eno 
[3,4-dJtetrazole ( CLXVIII ) (1.635 g, 3.oC m mol ), m.p. 175^. 
Analysis found : C, 76.38; H, 10.36; N, 13.19 
2^7^ 44'^ 4 ^ ^q^i^es : C, 76.41; H, 10.37; N, 13.21%'. 
IR • N^m.v 1610 (C=C;, 1530 (C=N), 1465 and 1380 cm""^  
(N=N) 15,16 
: 171 : 
•""H-NMR : d 6.24 (s , C4a-vinylic proton), 4.65 (m, C2a-methyl-
ene protons), 1.23 (CIO-CH3), 0.67 (CI3-CH3), 0.91 
and 0.81 (other side chain methyl protons) . 
MS : Mt 424 (25.00, C^^H^^U^), 423 (5.73) 409(10.09), 408 
, (2.51), 381 (3.50; O^^^^i^^h 379 (4.10), 378 (3.10), 
372 (1.60), 371 (1.60), 370 (8.00) , 369 (1.63), 368 
(1.60), 359 (1.64), 357 (1.64), 356 (6.40), 355 (O.8O), 
347 (9.60), 331 (I.6O), 328 (9.60), 325 (8.00), 311 
(10.31, C^^H^jN^), 312 (3.20), 310 (3.20), 298 (2.40), 
297 (4.80), 296 (4.80) , 295 (6.40), 272 (3.20), 271 
(3.20; C^^H^QN^), 270 (2.91), 269 (2.83), 253 (8 .10) , 
250 (6.40), 239 (3.20), 230 (6.42), 226 (4.81), 225 
(4 .83) , 201 (4.80), 195 (3.20), 194 (2.40), 193 (1.52), 
190 (3.20) , 189 (2.50) , 178 (1.53), 177 (4.51; C^H^^N )^ 
165 (3.23), 164 (lOO; CgH .^^ N^), 163 (1.51; CgH^^N^), 
148 (3.42), 140 (3.21), 139 (2.53), 138 (0 .2 l ) , 137 
(1.68), 136 (3.51), 135 (2.11), 134 (1.64), 133 (1.21), 
132 (1.26), 130 (0.20) , 125 (0.14), 124 (0.42), 123 
(2.56) , 122 (2.10), 121 (1.16), 120 (0.84), 119 (1.68), 
118 (0.16), 117 (1.20), 116 (0.21) , 115 (0.89), 112 
(0.19), 111 (0.39) , 106 (0.05), 75 (30.6), 74 (8 .4) , 
72 (0.84), 71 (0 .21) , 69 (0.20), 68 (0.20), 67 (0.85), 
66 (0.21), 62 (0 .15) , 61 (0 .2 l ) , 60 (30.3), 59(28.28), 
58 (0.21), 57 (0.42) , 56 (0.21), 55 (0.13), 43 (0.23), 
42 (1.50), 41 (2.25), 40 (0 .21) . 
• J. / .£- • 
Reaction of stiqmast-4-en-3-one ( CL ) with hydrazoic acid 
BF-^-etherate : 3-Aza-A-homostigmast-4a-eno[3,4-d]tetrazole 
i CLI ) 
Stigmast-4-en-3-one ( CL ) (2,0 g, 4,8 m mol) was treated 
with excess of hydrazoic acid in the presence of BF^-etherate 
(as catalyst) under similar reaction conditions described earlier, 
After usual workup, a solid compound was obtained which was re-
crystallized from chloroform-methanol (1:5) to yield 3-aza-A-
homostigmast-4a-eno[3,4~d]tetrazole ( CLI ), (1.728 g, i-'.B m mol) 
m.p, 158°, 
Analysis found : C, 76.97; H, 10.65; N, 12.37 
2^9^ 48'^ 4 ^ ®q*Ji^ ®s : C, 76,99; H, 10.64; N, 12.38%. 
±o±u iu=u;. XDZD \\^=\\]. LHO'o ana uou cm 
max. 
(N=N)^^»^^. 
IR : ^)r^^^ 1610 (C C), 1525 (C N), 1465 and 1380 cm 
H-NA/R : a 6,14 (s, C4a-vinylic proton), 4,54 (C2a-methylene 
protons), 1,18 (CIO-CH3), 0.65 (CI3-CH3), 0.90 and 
0,80 (other side chain methyl protons). 
MS : Mt 452 (15,00; Or^gW^^^^), 451 (12.35), 437 (6.35), 
409 (8.25; C2QH4PJN2), 387 (l.20), 386 (7.20), 379 
(4,60), 371 (12,00), 370 (4,50), 369 (2,80), 368 
(4,59), 367 (3,12), 339 (6.35), 330 (4.20), 329(0.58), 
328 (4.2), 327 (1.5), 324 (2.01), 318 (l.50), 317 
: 173 : 
( 4 . 1 0 ) , 316 ( 2 . 1 0 ) , 315 ( 2 . 0 1 ) , 313 ( 1 . 2 0 ) , 312 ( 2 . 4 0 ) , 311 
( 6 . 3 b ; C^gH^^n^), 292 ( 1 . 2 0 ) , 291 ( 1 . 2 0 ) , 289 ( 2 . 4 ) , 272 ( 1 . 2 ) , 
271 ( 6 . 4 5 ; C ^ ^ H ^ Q N ^ ) , 269 ( 4 . 2 5 ) , 268 ( 3 . 2 5 ) , 264 ( 1 . 2 ) , 262 
( 0 . 6 0 ) , 261 ( 0 . 6 0 ) , 252 ( 1 . 2 0 ) , 247 ( 2 . 4 0 ) , 245 ( 3 . 6 0 ) , 244 
( 4 . 8 0 ) , 243 ( 3 . 6 0 ) , 242 ( 1 . 2 0 ) , 237 ( 3 . 6 0 ) , 231 ( 4 . 8 0 ) , 230 
( 6 . 0 0 ) , 229 ( 1 . 2 5 ) , 228 ( 0 . 6 0 ) , 227 ( 0 . 6 0 ) , 217 ( 1 . 2 ) , 216 ( 1 . 2 ) , 
215 ( 3 . 6 ) , 214 ( 0 . 6 0 ) , 213 ( 2 . 5 ) , 212 ( 1 . 2 ) , 205 ( 0 . 6 0 ) , 203 
( 0 . 6 0 ) , 201 ( 2 . 4 1 ) , 189 ( 0 . 6 0 ) , 188 ( 0 . 6 0 ) , 187 ( 1 . 2 1 ) , 186 
( 1 . 2 0 ) , 177 ( 2 . 4 ; CJ_(^JL3^4^ ' ^^^ ( 2 . 5 0 ) , 164 (100; CgH^2'^4^' ^^^ 
( 2 . 0 0 ) , 157 ( 1 . 2 0 ) , 156 ( 0 . 6 0 ) , 155 ( 0 . 6 0 ) , 153 ( 1 . 2 0 ) , 1 5 2 ( 2 . 4 1 ) , 
150 ( 3 . 6 ) , 149 ( 6 . 8 0 ) , 148 ( 1 . 2 1 ) , 147 ( 4 . 8 0 ) , 136 ( 4 . 2 0 ) , 135 
( 2 . 1 0 ) , 134 ( 3 . 2 1 ) , 133 ( 7 . 2 0 ) , 131 ( 4 . 8 1 ) , 128 ( 0 . 6 0 ) , 123(12 .00) , 
122 ( 1 9 . 2 0 ) , 121 ( 2 . 5 0 ) , 120 ( 7 . 2 1 ) , 119 ( 1 2 . 0 0 ) , 118 ( 1 2 . 0 0 ) , 
117 ( 2 . 4 2 ) , 111 ( 4 . 8 ) , 108 ( 1 9 . 2 0 ) , 107 ( 2 . 4 2 ) , 106 ( 4 . 8 1 ) , 105 
( 3 . 2 1 ) , 97 ) 2 . 4 1 ) , 96 ( 2 . 4 2 ) , 95 ( 2 . 3 9 ) , 94 ( 1 9 . 2 0 ) , 93 ( 2 4 . 0 0 ) , 
92 ( 1 . 2 1 ) , 91 ( 1 2 . 0 0 ) , 85 ( 1 . 2 5 ) , 84 ( 1 . 2 5 ) , 83 ( 7 . 2 1 ) , 82 (2 45 ) , 
81 ( 2 4 . 0 0 ) , 80 ( 4 . 8 2 ) , 79 ( 1 9 . 2 0 ) , 78 ( l . 2 l ) , 77 ( 4 . 8 1 ) , 7 1 ( 9 . 6 2 ) , 
70 ( 2 . 4 3 ) , o9 ( 1 9 . 2 1 ) , 68 ( 9 . 6 l ) , 67 ( 1 6 . 8 0 ) , 66 ( l . 2 0 ) , 57(28.-iO), 
56 ( 4 . 8 0 ) , 55 ( 2 9 . 2 - ) . t:^ - ( 1 . 2 5 ) , 53 ( 2 . 4 2 ) , 51 ( 1 . 2 5 ) , 4 5 ( 2 . ^ 2 ) , 
44 ( 2 . 3 9 ) , 42 ( 2 . 4 ) , 41 ( 2 8 . 8 ) . 
React ion of s t i q m a s t - 4 , 2 2 - d i e n - 3 - o n e ( CLIII ) wi th hydrazoic 
ac id and B F ^ - e t h e r a t e : 3 -Aza-A-homo-s t igmas t -4 ,22-d ien-4a -eno 
[ 3 . 4 - d l t e t r a z o l e ( CLV ) : 
S t i g m a s t - 4 , 2 2 - d i e n - 3 - o n e ( CLV ) , ( 2 . 0 g, 4 . 8 m mol) was 
: 174 : 
treated with the excess of hydrazoic acid and BF^-etherate (as 
catalyst). The reaction mixture was worked up in usual manner 
and gave a solid compound which was recrystallized from chloro-
form-methanol (1:5) to furnish 3-Aza-A-homostigmast-4,22-dien-
4a-eno[3,4-d]tetrazole ( CLV ) (1.637 g; 3.6 m mol), m.p. 138°. 
Analysis found : C, 76.96; H, 10.16; N, 12.37 
C^^H^^N^ requires : C, 76.99; H, 10.17; N, 12.39%. 
IR : ^„ ^ 1620 (C=C), 1520 (C=N), 1465 and 1370 cm""^  
"Yy max • 
(N=N)^^»^^. 
•"•H-NMR : d 6.14 (s, C4a-vinylic proton), 5.25 (t, C21-H), 
4.59 (m, C2a~methylene protons), 1.2 (ClO-CH^), 0.68 
(CI3-CH3), 0.9 and 0.81 (other side chain methyl 
protons). 
MS : Mt 450 (15.00; C29H^^N^), 449 (12.35), 435 (6.35), 
407 (7.25), C^QH^^U^), 385 (1.20), 384 (7.20), 377 
(4.60), 369 (12.00), 368 (4.59), 367 (3.12), 339 
(6.35), 330 (4.20), 329 (0.58), 328 (4.2), 327 (1.5), 
324 (2.01), 318 (1.50), 317 (4.10), 316 (2.10), 315 
(2.01), 313 (1.20), 312 (2.40), 311 (6.35; C^^H^^K^), 
292 (1.20), 291 (1.20), 289 (2.4), 272 (1.2), 271 
(6.45; C^JH^QN^), 26 9 (4.25; C^^^Hj^gN^), 268 (3.25), 
264 (1.2), 262 (O.60),,261 (O.60),,252 (1.20), 247 
(2.40), 245 (3.60), 244 (4.80), 243 (3.60), 242 (l.20). 
: 175 : 
237 (3.60), 231 (4.80), 230 (6.00), 229 (1.25), 228 (0.60), 
227 (0.60), 217 (1.2), 216 (1.2), 215 (3.6), 214 (0.60), 213 
(2.5), 212 (1.2), 205 (0.60), 203 (0.60), 201 (2.41), 189 
(0.60), 188 (0.60), 187 (1.2l), 186 (l.20), 177 (2.4; C^9Hj^3N^), 
165 (2.50), 164 (100; CgH^.pN^), 163 (2.00; CgH^'^N^), 157 (1.20), 
156 (0.60), 155 (0.60), 153 (1.20), 152 (2.41), 150 (.36), 149 
(6.80), 148 (1.21), 147 (4.80), 136 (4.20), 135 (2.10), 134 
(3.21), 133 (7.20), 131 (4.81), 128 (0.60), 123 (12.00), 122 
(19.20), 121 (2.50), 120 (7.21), 119 (12.00), 118 (12.00J, 
117 (2.42), 111 (4.8), 108 (19.20), 107 (2.42), 106 (4.81), 105 
(3.21), 97 (2.41), 96 (2.42), 95 (2.39), 94 (19.20), 93 (24.00) 
92 (1.21), 91 (12.00), 85 (1.25), 84 (1.25), 83 (7.2l), 82 
(2.45), 81 (24.0), 80 (4.82), 79 (19.20), 78 (1.21), 77 (4.81), 
71 (9.62), 70 (2.43), 69 (19.21), 68 ( 9.61), 67 (16.80), 66 
(1.20), 57 (28.80), 56 (4.80), 55 (29.20), 54 (1.25), 53(2.42), 
51 (1.25), 45 (2.42), 44 (2.39), 42 (2.4), 41 (28.8). 
Reaction of cholest-5-ene ( CLVI ) with bromine, benzonitrile 
and sodium azide in presence of anhydrous AlCl^ s 5-Bromo-5a-
cholest~66(l*)-5'-phenvl tetrazole ( CLXII ) : 
Cholest-5-ene (2.0 g; 5.4 m mol) was taken in benzonitrile 
(40 ml) and to this was added anhydrous aluminium chloride (2 g, 
15.0 m mol). The suspension was cooled in ice-salt bath, while 
being stirred magnetically when the content had cooled down at 
0° bromine (0.8 g, 5.0 m mol) and then sodium azide (1.5 g; 23.1 
: 176 : 
m mol) were added successively. The stirring was continued 
for 2 hrs at 0° and again 2 hrs at room temperature. The 
progress of reaction was monitored by TLC. The solvent was 
removed under reduced pressure and the residue was extracted 
with chloroform. The chloroform layer was washed with water, 
sodium bicarbonate solution (b%) again with water and dried 
over anhydrous sodium sulphate. The chloroform was evaporated 
under reduced pressure and the residue was chromatographed over 
silica gel (40 g). Elution with light petroleum/ether (8:1) 
provided a solid compound which was recrystallized from acetone 
to afford 5-bromo--5a-cholest-6p(l')-5'-phenyltetrazole ( CLXII ) 
(1.5 g; 2.5 m mol), m.p. 148°. 
Analysis found : C, 68.55; H, 8.64; N, 9.43 
^34^5lV^ requires : C, 68.53; H, 8.63; N, 9.41?^ . 
IR : -v^  ^  1595 (phenyl), 1530, 1465, 1385 (C=N and N=N)-^^''^^ 
and 740 cm""*" (C-Br) . 
H-^ I^ ^ : d 7.58 (br m, aromatic protons), 3.1 (m, Wl/2 = 4Hz; 
C6a-H), 1.02 (CIO-CH3), 0.70 (CI3-CH3), 0.96 and 
0.81 (other side chain methyl protons). 
MS Mt 594/596 (5.40/5.38; C34H^^N4Br), 579/581 (5.00/4.99; 
^33^48V^^' ^^^ (10.00), 514 (12.75; C^^H^^N^), 500 
(11.20), 481/483 (5.40/5.37), 454/456 (8.30/8.28), 
453/455 (3.25/3.24), 449/451 (6.40/6.38), 448/450 
: 177 : 
(9.50/9.47; C^yH^^Br), 440/442 (8.70/8.69), 439/441 (13.10/ 
13.08), 433/435 (4.50/4.48), 418/420 (4.2/4.1), 401 (4.50), 
iCv? (14.48; C27H44), 366 (4.20), 360 (4.50), 359 (2.05), 358 
(3.05), 354/356 (4.08/4.33), 353/355 (2.05/2.03), 352 (1.05), 
348 (3.28), 340/342 (4.08/4.03), 339/341 (13.02/13.00), 336/338 
(9.75/9.74), 335/337 (2.08/2.00), 307/309 (4.08/4.03), 294/296 
(2.04/2.03), 293 (15.30), 270 (3.80),,269 (5.40), 268 (7.45), 
267 (5.00), 252 (5.00), 251 (10.25), 250,(6.10), 248 (4.80), 
246 (4.60), 245 (4.60), 217 (4.10), 216 (10.25), 215 (4.10), 
189 (5.10), 188 (7.50), 187 (3.80), 178 (3.50), 177 (5.75), 175 
(6.20), 174 (5.00), 173 (3.10), 162 (3.25), 161 (5.75), 160 
(7.20), 159 (4.20), 158 (10.40), 147 (9.80), 146 (5.50), 145 
(9.80), 135 (10.00), 134 (6.10), 133 (7.50), 130 (14.10), 129 
(8.50), 121 (17.75), 120 (10.OO), 119 (6.20), 118 (14.70), 106 
(24.25), 105 (12.50), 104 (19.30), 103 (7.20), 95 (42.10), 94 
(23.75), 93 (38.50), 92 (10.00), 91 (25.50), 84 (8.40), 83 
(12.10), 82 (19.00), 81 (31.00), 80 (19.80), 79 (34.30), 77 
(12.40), 70 (7.25), 69 (29.00), 68 (10.25), 67 (32.10), 58 
(24.30), 57 (30.10), 56 (15.75), 55 (10.25), 54 (47.20), 45 
(30.25), 44 (10.00), 43 (27.25), 42 (100.00), 41 (41.00), 40 
(17.25). 
: 178 : 
Reaction of 3g-chlorocholest--5~ene ( CLVII ) with bromine, benzo-
nitrile and sodium azide in presence of anhydrous AlCl^ : 3p-
Chloro--5~bromo-5a-cholest-66-(l')-5'-phenvltetrazole ( CLXIII ); 
3p-Chlorocholest-5-ene (2.0 g, 4.9 mmol) was taken in benzo-
nitrile (40 ml) and to this was added anhydrous aluminium chlo-
ride (2.0 g, 15.0 m mol). The suspension was cooled in ice-salt 
bath while being stirred magnetically. When the content had 
cooled down at 0°, bromine (0.8 g, 5.0 m mol) and then sodium 
ezide (1.5 g, 23,1 m mol) were added successively, under similar 
reaction conditions as described earlier. The reaction mixture 
was then work up as usual. Evaporation of the solvent gave an 
oily residue which was chromatographed over silica gel (40 g). 
Elution with petroleum ether - ether (7:1) provided a solid 
compound, which was recrystallized from acetone to afford 3^-
chloro-5-bromo-5a-cholest-6^-(l')-5'-phenyltetrazole ( CLXIII ) 
(1.62 g, 2.5 mmol), m.p. 135°. 
Analysis found : C, 64.76; H, 8.12; N, 8.87 
Cg^Hp^QN^BrCl requires : C, 64.78; H, 8.00; N, 8.89%. 
IR : ^mgx. ^^^^ (phenyl), 1525, 1460, 1375 (C=N and 
j^ ^^ l^S, 16^ 740 and 720 cm""^  (C-Cl and C-Br). 
H-NMR ; d 7.58 (br..i , aromatic protons), 3.95 (m, Wl/2 = 16Hz; 
C3a-H)^^, 3.6 (m, Wl/2 = 4Hz; C6a-H), 1.2 (CIO-CH3), 
: 179 : 
0.7 (C13-CH^)> 0.91 and 0.80 (other side chain methyl 
protons). 
MS : Mt 628/630/632 (3.50/4.51/1.08; C34H^QN4BrCl), 613/615/ 
617 (4.90/6.35/1.54), 593/595 (6.50/6.45), 592/594(7.20/ 
7.18), 548/550 (8.04/2.04), 534/536 (8.00/2.64), 515/517' 
519 (3.75/5.85/1.17), 514 (9.25), 513 (2.C8), 512 (11.05), 
483/485/487 (5.20/6.74/1.61), 482/48^/486 (6.75/8.75/ 
2.13), 446/448 (8.80/8.78), 402/404 (10.25/3.39), 366 
(17.20), 350 (12.75), 344 (7.50), 324 (5.10), 318 (5.10), 
317 (5.25), 308 (5.00), 307 (4.50), 306 (4.50), 305(9.20), 
304 (6.20), 303 (10.50), 257 (4.80), 256 (7.30), 255 
(4.80), 254 (5.20), 250 (14.25), 249 (5.40), 226 (8.40), 
225 (9.75), 212 (10.OO), 211 (11.25), 188 (5.00), 187 
(5.00), 186 (3.25), 160 (17.25), 159 (8.50), 158 (5.00), 
156 (10.25), 147 (9.00), 146 (9.10), 134 (10.00), 133 
(8.40), 132 (5.25), 131 (5.25), 130 (7.70), 129 (6.10), 
120 (10.25),119 (9.60), 118 (11.30), 117 (10.90), 105 
(12.25), 104 (20.75), 103 (4.80), 102 (3.75), 96 (34.20), 
95 (39.50), 94 (42.00), 93 (14.30), 92 (30.50), 91(12.75), 
84 (15.30), 83 (17.00), 82 (25.00), 81 (20.25), 80(25.50), 
79 (30.00), 78 (17.75), 77 (25.30), 76 (7.60), 69 (6.30), 
68 (29.50), 67 (17.20), 66 (9.60), 65 (20.25), 64(10.00), 
55 (32.25), 54 (10.74), 53 (19.80), 52 (40.30), 45(30.25), 
44 (10.00), 43 (35.35), 42 (100.OO), 41 (42.00), 40 
(12.20). 
: 18o : 
Reaction of 3g-acetoxycholest-5-ene ( CLVIII ) with bromine, 
benzonitrile and sodium azide in presence of anhydrous A1C1-. : 
3g-Acetoxy-5-bromo-5a-cholest-6e(l*)-5*-phenyltetrazole 
( CLXIV ) : 
3p-Acetoxycholest-5-ene (2 g, 4.7 m mol) in benzonitrile 
(40 ml) was treated with bromine (0.8 g, 5.0 m mol) and sodium 
azide (1.5 g, 23.1 m mol) in presence of anhydrous aluminium 
chloride (2 g, 15.0 m mol), under similar reaction conditions 
as described earlier. After usual work up an oily residue was 
obtained which was chromatographed over silica gel (40 g) column. 
Elution with petroleum ether - ether (5:1) provided a solid 
compound, which was recrystallized from acetone to afford 3p-
acetoxy-5-bromo-5a-cholest-6p(l')-5'-phenyltetrazole ( CLXIV ) 
(1.58 g, 2.5 m mol), m.p. 160°. 
Analysis found : C, 69.55; H, 8.60; N, 9.11 
^36^53^4^^ requires : C, 69.54; H, 8.59; N, 9.013^ . 
IR : . 1725, 1210 (CH„C00;,1595 (phenyl), lb'^ 0, 146b, 
_)) max. 3 
1380 (C=N and N=N)-''^ '^ '^  and 730 cm""^  (C-Br). 
H-NMR : 6 7.63 (onb, aromatic protons), 5.12 (m, Wl/2 = 17Hz; 
C3a-H)^^, 3.06 (m, Wl/2 = 4Hz; C6a-H), 2.0 Cs, 0-C-CH^j, 
1.13 (CIO-CH3), 0.66 (CI3-CH3), 0.90 and 0.80 
(remaining methyl protons). 
: 181 : 
MS : Mt 620/622 (6.75/6.73; C3^H^3N^Br02), 605/607 (6.00/ 
5.98), 560/562 (8.50/8.47), 541 (4.08), 540 (4.3b), 526 
(8.20), 525 (4.20), 507/509 (10.25/10.21), 481 (2.42), 
480 (5.40), 475/477 (3.48/3.41), 474/476 (4.26/4.23), 
414/416 (2.45/2.41), 395 (2.38), 394 (4.38), 335 (2.48), 
334 (4.68), 330 (7.50), 329 (5.00), 328 (3.75), 301 
(3.30), 300 (6.40), 299 (3.30), 298 (3.70), 276 (4.40), 
275 (8.20), 274 (6.10), 273 (5.00), 268 (5.00), 267(5.00), 
266 (9.60), 265 (4.75), 262 (3.50), 255 (5.40), 254:i0.10). 
246 (5.75), 245 (10.20), 244 (5.00), 228 (8.10), 227 
(9.75), 226 (9.75), 225 (13.10), 214 (9.10), 213 (11.70), 
212 (10.00), 211 (14.10), 200 (6.40), 199 (9.60), 198 
(7.00), 197 (4.30), 188 (7.20), 187 (6.90), 186 (6.50), 
185 (6.90), 184 (4.00), 174 (7.30), 173 (5.75), 172 
(5.75), 171 (3.60), 162 (7.10), 161 (4.90), 160 (7.60), 
159 (5.00), 158 (8.30), 157 (7.10), 157 (7.10), 146 
(10.25), 145 (13.00), 144 (10.25), 143 (6.00), 142(3.75), 
134 (9.30), 132 (12.50), 130 (10.00), 120 (13.30), 119 
(11.25), 118 (10.10), 111 (4.80), 106 (15.75), 105(10.25), 
104 (17.00), 103 (6.60), 94 (27.90), 93 (20.25), 92 
(35.10), 91 (10.75), 89 (18.75), 88 (10.20), 82 (10.10), 
81 (35.00), 80 (10.25), 79 (35.90), 78 (9.25), 70(19.25), 
69 (21.00), 08 (10.10), 67 (27.20), 66 (27.10), 65 
(18.80), 59 (14.10), 58 (17.25), 56 (32.25), 54 (37.00), 
53 (42.10), 52 (10.00), 45 (12.20), 44 (35.10), 43(100.00), 
42 (37.25), 41 (35.24), 40 (42.00). 
: 182 : 
Stiamast-5-ene ( CLIX ) 
3^-Chlorostigmast-5-ene (15.0 g) was dissolved in warm 
amyl alcohol (300 ml) and sodium metal (35.0 g) was added in 
small portions to the solution with continuos stirring over a 
period of 8 hrs. The reaction mixture was heated now and then 
during the course of reaction in order to keep the sodium metal 
dissolved. The reaction mixture was poured into water, acidi-
fied with HCl and allowed to stand overnight. A white crystalline 
solid was obtained which was filtered under suction and washed 
thoroughly v;ith water and dried. Recrystallization of crude 
material from acetone gave compound in cubes (10.8 g), m.p. 75 . 
Reaction of stiqmast-5-ene ( CLIX ) with bromine, benzonitrile 
and sodium azide in presence of anhydrous AlCl^ : 5-Bromo-5a-
stiqmast-63(l')-5*~Dhenvltetrazole ( CLXV ) : 
Stigmast-5-ene (2 g, 5.03 m mol) in benzonitrile (40 ml) 
was treated with anhydrous AlCl^ ( 2 g, 15.0 m mol), bromine 
(0.8 g, 5.0 m mol) and sodium azide (1.5 g, 23.1 m mol), under 
similar reaction conditions as described earlier, ^fter usual 
work up an oily residue was obtained which was chromatographed 
over silica gel (40 g) column. Elution with petroleum ether -
ether (6:1) furnished a solid compound, which was recrystallized 
from acetone to afford 5-bromo-ba-stigmdst-6p(l*)-5*-phenyl-
tetrazole ( CLXV ) (1.32 g, 2.1 m mol), m.p. 139°. 
: 183 : 
Ana lys i s found : C, 6 9 . 3 1 ; H, 8 . 9 1 ; N, 8.97 
^36^55^4^^ r e q u i r e s : C, 69 .30 ; H, 8 . 8 9 ; N, 8.98%. 
IR : -. 1595 ( p h e n y l ) , 1530, 1465, 1385 (C=N, 
~\) nricix. 
N=N)-^^*-'-^ and 740 cm""'- (C-Br ) . 
•^ H-NMR : d 7.50 (bx m, aromatic protons), 3.4 (m, Wl/2 = 4Hz, 
C6a-H), 1.02 (CIO--CH3), 0.7 (CI3-CH3), 0.96, 0.81, 
0.93 (other side chain methyl protons). 
MS : Mt 622/624 (5.40/5.38; Cg^H^^N^Br), 607/609 (5.00/ 
4.99); C3^H^2^4^^^' ^"^^ (10.00), 542 (12.75; C3^H^4N4), 
528 (11.20), 481/483 (5.40/5.37), 477/479 (6.40/6.38), 
476/478 (8.50/8.47; C29H^9Br), 454/456 (8.30/8-28), 
453/455 (3.25/3.24), 440/442 (7.68/7.69), 439/441 
(13.10/13.08), 433/435 (4.50/4.4i), 418/420 (4.2/4.1), 
401 (4.50), 397 (3.5> "6S(l4.4), 366 (4.20), 360 
(4.50), 359 (2.05), 358 (3.05), 354/356 (4.08/4.03), 
353/355 (2.0/2.03), 352 (1.05), 348 (3.28), 340/342 
(4.08/4.03), 339/341 (13.02/13.00), 336/338 (9.75/ 
9.74), 335/337 (2.08/2.00), 307/309 (4.08/4.03), 294/ 
296 (2.04/2.03), 293 (15.30), 270 (3.80), 269 (5.4U;, 
268 (7.45), 267 (5.00), 252 (5.00), 251 (10.25;, 250 
(6.10), 248 (4.80), 246 (4.60), 245 (4.60), 217(4.10) , 
216 (10.25), 215 (4.10), 189 (5.10;, 188 (7.50), 187 
(3.8O;, 178 (3.50), 177 (5.75), 175 (6.20), 174(5.00), 
: 184 : 
173 (3.10), 162 (3.25), 161 (5.7b), 160 (7.20), 159 (4.20), 
158 (10.40), 147 (9.80), 146 (5.50), 145 (9.80), 135 (10.OO), 
134 (6.10), 133 (7.50), 130 (14.10), 129 (8.50), 121 (17.75), 
120 (10.00), 119 (6.20), 118 (14.70), 106 (24.25), 105(12.50), 
104 (19.30), 103 (7.20), 95 (42.10), 94 (23.75), 93 (38.50), 
92 (10.00), 91 (25.50), 84 (8.40), 83 (12.10), 82 (19.00), 81 
(31.00), 80 (19.80), 79 (34.30;, 77 (12.40), 71 (12.40), 70 
(7.25), 69 (29.00), 68 (10.25), 67 (32.10), 58 (24.30), 57 
(30.10), 56 (l5.75), 55 (10.25), 54 (47.20), 45 (30.95), 44 
(10.00), 43 (27.25), 42 (100.00), 41 (41.00), 40 (17.25). 
Reaction of 3g-chlorostiqfnast-5~ene ( CLX ) with bromine, benzo-
nitrile and solium azide in presence of anhydrous AlCl-^  : 3p-
Chloro-5-bromo-5a-stiqmast-6g(lM-5*-phenvltetrazole ( CLXVI ); 
3^-Chlorostigmast-5-ene (2.0 g, 4.6 m mol) in benzonitrile 
(40 ml) was treated with anhydrous AlClo (2g, 15.0 .u :,,: i ; uxo.nx.,e 
(0.8 g, 5.0 m mol) and sodium azide (1.5 g, 23.1 m iriol) under 
similar reaction conditions as described earlier. Aft'^ 'r usual 
workup, an oily residue was obtained which was chromatographed 
over silica gel (40 g) column. Elution with petroleum ether -
ether (4:1) provided a solid compound which was recrystallized 
from acetone to afford 3p-chloro-5-bromo-5a-stigmast-6p(l')-5'-
phenyltetrazole ( CLXVI ) (1.36 g, 2.07 m mol), m.p. 145°. 
: 185 
Ana lys i s found : C, 65 .68 ; H, 8 . 2 8 ; N, 8.50 
C3 H^^N^BrCl r e q u i r e s : C, 65 .67 ; H, 8 .27 ; N, 8.52%. 
IR : -x 1590 ( p h e n y l ) , 1525, 1460, 1375 (C=N and 
•y max« 
N=N)-'-^ '''"^  740 and 720 cm""'-^  (C-Cl) and (C-Br). 
•'•H-NMR : d 7.56 (brm, aromatic protons), 3.98 (m, Wl/2 = l6Hz, 
C3a-H)^^, 3.4 (m, Wl/2 = 4Hz, C6a-H), 1.2 (CIO-CH3), 
0.7 (CI3-CH0), 0.93, 0.91, 0,81 (other side chain 
methyl protons). 
MS : 656/658/660 (4.50/4.51/1.50; C3^H^4N4BrCl), 641/643/ 
645 (4.90/6.35/1.54), 621/623 (6.48/6.45), 620/622 
(7.20/7.15), 576/578 (8.02/2.72), 562/^64 f .,0./.64), 
542 (9.25), 541 (2.08), 540 (11.05 ), 515/^317/519 
(3.75/4.85/1.17), 511/513/515 (5.20/6.74/1.6l), 510/ 
512/514 (6.75/8.75/2.13, C29H^8BrCl), 474/476 (8.80/ 
8.78), 430/432 (10.25/3.39), 394 (17.20), 390 (4.20), 
389 (3.10), 388 (0.50), 387 (0.65), 386 (2.48), 385 
(3.05), 380 (1.08), 379 (2.05), 378 (1.08), 377(1.35), 
376 (1.05), 375 (1.02), 374 (2.02), 373 (1.03), 372 
(1.05), 370 (0.50), 360 (4.12), 359 (2.02), 358(1.08), 
357 (0.35), 356 (4.01), 354 (2.02), 353 (1.02), 351 
(10.05), 350 (12.75), 344 (7.50), 334 (5.10), 318 
(5.10), 317 (5.25), 3.08 (5.00), 307 (4.50), 306(4.50), 
305 (9.20), 304 (6.20), 303 (10.50), 257 (4.80), 256 
: 186 : 
(7.30) 
(8.40) 
(5.00) 
(10.2b 
(5.25) 
(9.60) 
(4.80) 
(14.30 
(25.00 
(25.30 
65 (20 
(40.30 
(42.00 
255 (4.80), 254 (5.20), 250 (14.25), 249 (5.40), 226 
225 (9.75), 212 (lO.OO), 211 (11.25), 188 (5.00), 187 
186 (3.25), 160 (17.25), 159 (8.50), 158 (5.00), 156 
, 147 (9.00), 146 (9.10), 134 (lO.OO), 133 (8.40), 132 
131 (5.25), 130 (7.70), 129 (6.10), 120 (10.25), 119 
118 (11.30), 117 (10.90), 105 (12.25), 104 (20.75), 103 
102 (3.75), 96 (34.20), 95 (39.50), 94 (42.00), 93 
, 92 (30.50), 91 (12.75), 84 (15.30), 83 (17.00), 82 
, 81 (20.25), 80 (25.50), 79 (30.00), 78 (17.75), 77 
, 76 (7.60), 69 (6.30), 68 (29.50), 67 (17.20), 66(9.60), 
25), 64 (10.00), 55 (32.25), 54 (10.74), 53 (19.80), 52 
, 45 (30.25), 44 (10.00), 43 (35.35), 42 (100.00), 41 
, 40 (12.20). 
Reaction of 3g-acetoxvstiqmast--5-ene ( CLXI ) with bromine. 
benzonitrile and sodium azide in presence of anhydrous AlCl^ : 
33--Acetoxv-5-brofno-5a-stiqmast-6g(l* )-5*-phenvltetrazole 
( CLXVII ) : 
3p-Acetoxystigmast-5-ene (2.0 g, 4.3? m mol) in benzonitrile 
(40 ml) was treated with anhydrous AlCl^ (2 g, 15.0 m mol), 
bromine (0.8 g, 5.0 m mol) and sodium azide (1.5 g, 23.1 m mol), 
under similar reaction conditions as described earlier. After 
usual work up an oily residue was obtained which was chromato-
graphed over silica gel column (40 g). Elution with petroleum 
ether - ether (2:1) provided a solid compound which was recry-
: 187 : 
s t a l l i z e d from acetone to afford 3^-acetoxy-5-bromo-5a-
s t i g m a s t - 6 p ( l ' ) - 5 ' - p h e n y l t e t r a z o l e ( CLXVII ) (1.48 g, 2.2 m mol) 
m.p. 168 . 
Analysis found : C, 70 .33; H, 8.85; N, 8.67 
C^QH^JH^BT r e q u i r e s : C, 7 0 . 3 2 ; H, 8 .86 ; N, 8 .68^ . 
IR : ^ jnax. ^^^^' "'•^^^ (CH3COO;, lb95 ^pheny l ; , 1^20, 146b, 
1380 (C=N and N = N ) - ' - ^ ' ^ ^ and 730 cm"^ (C-Br ) . 
•"•H-NMR : d 7 .63 (brui, a romat ic p r o t o n s ) , 5 .08 (m, Wl/2 = 
17Hz, C3a~H)^^, 3 .06 (m, Wl/2 = 4Hz, C6a-H), 2 . 0 1 
s, -O-C-CH3), 1.13 (CIO-CH3), 0.66 (CI3-CH3), 0.93, 
0.90 and 0.80 (remaining side chain methyl protons). 
MS : Mt 680/682 (6.72/6.71; C3gH^yN^Br02), 665/6^7 (6.00/ 
5.98), 620/6^2 (8.50/8.47), 601 (4.08), 
600 (4.35), 586 (8.20), 585 (4.20), 539/b4i (10.24/ 
10.21), 540 (5.40), 538 (10.35), 535'5.^ 7 
(3.48/3.41), 534/^36 (4.26/4.23), 474/476 (?.45/2.41), 
455 (2.38), 454 (4.38), 39^ (2.48), 394 (4.68), 3^ 2 
(23.00), 369 (6.20), 368 (9.60), 367 (5.75), 254(4.80), 
253 (6.10), 252 (5.00), 246 (5.20), 245 (5.25), 228 
(7.40), 227 (9.75), 226 (8.25), 225 (12.00), 214(8.50), 
213 (9.90), 212 (9.50), 211 (14.50), 210 (4.20), 206 
(2.75), 205 (5.75), 204 (10.20), 203 (6.OO), 201(4.30), 
: 188 
200 (7.40), 199 (4.50), 198 (4.50), 197 (3.75), 162 (5.00), 
161 (5.20), 160 (5.50), 159 (4.10), 158 (6.40), 157 (4.10), 
156 (7.20), 155 (3.75), 148 (6.50), 147 (5.10), 146 (6.00), 
145 (5.10), 144 (12.00), 143 (10.00), 142 (7.10), 135 (9.60), 
134 (13.25), 133 (7.50), 122 (14.50), 121 (9.75), 120 (14.75), 
119 (14.75), 118 (20.25), 117 (40.00), 116 (10.50), 106(24.30), 
105 (60.10), 104 (37.30), 103 (15.25), 95 (11.90), 94 (20.25), 
93 (29.00), 91 (10.75), 90 (40.30), 89 (12.25), 84 (15.25), 83 
(25.75), 80 (13.70), 79 (12.25), 78 (32.10), 77 (30.00), 76 
(19.25), 75 (9.60), 61 (17.25), 60 (14.00), 59 (11.20), 44 
(10.50), 43 (100.00), 42 (19.30), 41 (41.20), 40 (38.70). 
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(S\m\^W(i\r ° irDD[r< 
SYNTHESES OF 
STER01DAL~SPIR0~Y~LACT0NES 
CFieoretical 
Y-Lactones are five membered ring compounds which on 
hydrolysis gave Y- of 4-hydroxy acids. Amongst lactones, 
Y-lactones are regarded as most stable. Many naturally occur-
ing substances having an unsaturated lactone moiety such as 
protoanemonin, penicellic acid, clavocin and crepin manifest 
antibiotic action by the possession of strong antibacterial 
properties against both gram positive and gram negative bacte-
ria. One of such simplest substances in proloanemonin first 
isolated from butterup by Ashania and Fujita and later one mole 
2 
Pulsatilla by Bear et al. Bear and coworkers have investigated 
the relationship of the structure of simple unsaturated f-
lactones to antibacterial action. The discovery of pronounced 
3-5 biological properties has stimulated interest in the simple 
unsaturated lactones which can be regarded a hydroxy derivatives 
of furans. Only a few selective examples are being reported in 
this chapter. 
Heiba et al. reported the oxidation of octene-1 ( I ) 
and trans stilbene ( II ) with Mn (ill) acetate in acetic acid 
and acetic anhydride which afforded the corresponding y-lactones 
( III ) and ( IV ). 
: 194 : 
CH^(CH„)^CH = CH. M n ( I I l ) a c e t a t e AcOH, AC2O 
O. 
-CH. 
( I ) ( I I I ) 
C^Hc:~CH = CH—C^Hr-
0 0 6 o 
( I I ) 
M n ( I I I ) a c e t a t e 
AcOH, Ac^O 
H 
"5^6-^ 
H 
7 
Bush and Finkbeiner in 1968 have found that solution 
produced by dissolving Mn (III) acetate dihydrate in glacial 
acetic acid reacts with the alkene ( V ) to give the y-lactone 
( VI ) . 
CH. (o>-i^  CH. Vl/ C=CH, - > <o> V 
( V ) ( VI ) 
8 H e i b a e t a l . r e p o r t e d t h e s y n t h e s i s of Y - l a c t o n e s from 
o l e f i n s w i t h a c e t i c a c i d . The g e n e r a l r e a c t i o n c o n s i s t s of t h e 
: 195 : 
addition of a carboxylic acid, having a-hydrogen atom, across 
the double bond in the presence of stoichiometric amount of 
various metal oxidants. For most of the studies manganese 
compound are used. They allowed various olefins, such as 2-
methyl propene-1 ( VII ), hexadiene-l,5 ( VIII ), Octadiene-1,7 
( IX ), butadiene ( X ), and isoprene ( XI ) to react with manga-
nese triacetate in presence of acetic acid and acetic ..nnydride 
and reported the formation of the corresponding lactones ( XII ), 
( XIII ), ( XIV ), ( XV ), ( XVI ) and ( XVII ). 
CH. 
\ 
C=CH. 
CH 3 
( VII ) 
CH-
M n ( l l l ) a c e t a t e . „ p 1 >^ u 
AcOH, Ac^O ^ "3^"Y r " 2 
( XII ) 0 
CH2=CH(CH2)2CH=CH2 
( V I I I ) 
CH2=CH-(CH2)^-CH=CH2 
( IX ) 
-n > CH2=CH(CH2)2-C 
« I 
I I CH2=CH-(CH2)4-C 
: 196 : 
ru -ru rw-PH Mn(IIl)acetate 
CH2-CH-CH-CH2 ^cOH, AC2O ^ 
( X ) 
CH^ H„C H CH„ 
1 0 o i l I o  
CH^=CH-C=CH^ 'A > CH^=C-C CH^ + CH^=CH-C-
( XI ) ( XVI ) j[ XVII ) 
Okano reported the oxidation of 1-hexene ( XVIII ) and 
2-methyl-2-pentene ( XIX ) with Mn(III)acetate in presence of 
acetic and propionic acids. 1-Hexene ( XVIII ) afforded 
4-acetoxy-octanoic acid ( XX ), the Y-lactone of 4-hydroxyocta-
noic acid ( XXI ) , 3-octanoic acid ( XXII ), 4-octanoic acid 
( XXIII ) and octanoic acid ( XXIV ) in the presence of acetic 
acid. 2-Methyl-2-pentene ( XIX ) gave 4-acetoxy-3-ethyl-4-
methylpentanoic acid ( XXV ), Y-lactone of 3-ethyl-4-hydroxy-4-
methylpentanoic acid ( XXVI ), 3-isopropenyl pentanoic acid 
( XXVII ) and 3-ethyl-4- methyleneheptanedioic acid ( XXVIII ) . 
: 197 : 
^ OAc 
( XVIII ) ( XX ) 
+ CH3-(CH2)3-CH-CH2 + CH3-(CH2)3-CH=CH-CH2 
^\y^ cooH 
o 
( XXI ) ( XXII ) 
+ CH3-(CH2)2-CH=CH-(CH2)2-COOH + CH3-(CH2)^-COOH 
( XXIII) ( XXIV ) 
CH3 Y"3 
_ -h-ru MnCllDacetate „ _ „ _r^t,_X pp , 
3 ^^2 w.-C GH3 ^^Q^^ ^^ Q > CH3-CH2 CH-C-CH3 + 
I OAc 
CH2 
COOH 
( XIX ) ( XXV ) 
CH3 CH3 
CH3-CH2-CH C - CH3 + CH3-CH2-CH-C=CH2 
^2^\ ^ CH2COOH 
( XXVI ) ( XXVII ) 
: 198 : 
CH. 
CHo-CH^-CH-C-CH„-CH^-COOH 
CH2COOH 
( XXVIII ) 
10 Kuwagima and Nakamura have found that solution produced 
by dissolving 1-ethoxy-l-trimethylsiloxycyclopropane ( [v^ ^^ O^Et 
OSiMe. X 
in CH^Cl- reacts with suspension of TiCl. and aldehydes 
( XXIX-XXXI ) to give the corresponding Y-lactones ( XXXII-
XXXIV). 
- ^ 
( XXIX ) ( XXXII ) 
,CHO 
( XXX ) 
.M"° OEt 
( XXXI ) 
0. 
orY 
( XXXIV ) 
: 199 : 
Frobese et a l . reported the synthesis of Y-lactones 
( XLI-XLVII ) by the reac t ion of an aldehydes or ketones 
( XXXV-XL ) with p - l i t h ioprop iona te in THF followed by l a c t o -
niza t ion of the Y-hydroxy acid adduct. 
Carbonyl Component Lactone Yield % 
<0)-c^ 56 
( XXXV ) ( XLI ) 
CHO 57 
( XXXVIII ) 
P 
( XLII ) 
( XLIV ) 
( XLV ) 
53 
51 
58 
( XXXIX ) ( XLVI ) 
: 200 : 
28 
( XL ) ( XLVII ) 
12 Oishi et a l , observed the reac t ion of a-phenylcinnamic 
acid ( XLVIII ) with Mn( l l l ) ace t a t e in the presence of ace t ic 
acid and ace t i c anhydride yielded sp i ro lac tone ( XLIX ) and 
5-acetoxy-4,5-diphenyl-2(5H)-furanone ( L ) . 
6 o \ 
COOH 
Mn( l l l ) ace t a t e 
p u AcOH, Ac^O 
( XLVIII ) ( XLIX ) 
+ 
( L ) 
Elec t roreduct ive crossed hydrocoupling of a ,^-unsaturated 
es t e r s ( LI-LV ) with aldehydes or ketones ( LVI-LXIV ) in the 
presence of t r ime thy lch lo ros i l ane afforded Y-lactones ( LXV -
13 
LXXVII ) in good ye i lds . The wide gene ra l i t y of t h i s e lec t ro-
chemical crossed coupling i s c l ea r ly shown in the t a b l e . 
: 201 : 
a , ^ - u n s a t u r a t e d 
CH2=CHCOOCH3 
( LI ) 
CH2=CHCOOCH3 
( L I I ) 
CH2=CHC00CH3 
( L I I I ) 
E; 5 t e r A l d e h y d e k e t 
CH3(CH2)2CHO 
( LVI ) 
CH3(CH2)^CHO 
( LVII ) 
CH3(CH2)^CHO 
( LVII I ) 
one P r o d u c t 
XX 
( LXV ) 
r\ 
( LXVI ) 
r\ 
( LXVII ) 
Yield?^ 
73 
86 
77 
CH2=CHCCX)CH3 
( LI ) 
CH3-CH=CHCOOCH3 
( L I I ) 
CH2=CCCH3)COOCH3 
( LIII ) 
CHo=C-COOCH„ 
^ I o 
CH2COOCH3 
( LIV ) 
CH2COOCH3 
CH=CHCOOCH, 
( LV ) 
CH3CH2CH(CH3)CHO 
( LIX) 
CH3(CH2)2CHO 
( LVI ) 
CH3(CH2)2CHO 
( LVI } 
CH3(CH2)2CH0 
( LVI ) 
CH3(CH2)7CHO 
( LX ) 
51 
(LXVIII ) 
( LXIX ) 
"7^3 
54 
( LXX ) 
H3Cf\)A) 
COOCH3 
57 
( LXXI ) 
COOCH-
^17^8 
59 
( LXXII ) 
: 202 : 
CH2=CHCOOCH3 CH3C0(CH2)4CH3 
( LI) ( LXI ) 
H 11^5 
( LXXIII ) 
76 
CH2=CHCOOCH3 CH3CH2COCH2CH3 
( LI ) 
CH2=CHCOOCH3 
( LXII ) 
0 
( LXXIV ) 
67 
78 
( LI ) ( LXI I I ) 
CH3CH=CHCOOCH3 CH3CO(CH2)4CH3 
( L I I ) ( LXI ) 
( LXXV ) 
( LXXVI ) 
64 
CH2=C(CH3)COOCH3 CH3C0(CH2)4CH3 
( L I I I ) ( LXI ) ( LXXVII ) 
58 
CH2=CJ-COOCH3 t 
CH2COOCH3 
( LIV ) 
CH^COiCH^)^CH^ 
( LXIV ) 
COOCH^ 
86 
"7^3 
( LXXVIII ) 
Oxida t ion of 3 , 3 - d i p h e n y l - 2 - p r o p e n o i c ac id ( LXXIX ) with 
M n ( l l l ) a c e t a t e in a c e t i c ac id gave 3 , 3 - d i p h e n y l - 2 - p r o p e n y l 
a c e t a t e ( LXXX ) , 4 - a c e t o x y m e t h y l - 5 , 5 - d i p h e n y l t e t r a h y d r o - 2 -
: 203 : 
f u r a n o n e ( LXXXI ) , 3 , 3 - d i p h e n y l - 2 - p r o p e n o l ( LXXXII ) , b , 5 -
d i p h e n y l - 2 , 5 - d i h y d r o f u r a n o n e ( LXXXIII ) , 4 - a c e t o x y - 5 , 5 - d i -
p h e n y l t e t r a h y d r o - 2 - f u r a n o n e ( LXXXIV ) and 2 - o x o - 5 , b - d i p h e n y l -
t e t r a h y d r o f u r a n - 4 - c a r b o x y l i c a c i d ( LXXXV ) 
Ph Ph 
Ph y 
^C:=CH-COOH ^ ^ j j ^ ^ i ^ ^ f r ^ ^ ^ ^ > ^ 
( LXXIX ) 
AcOH, AC2O C=CH-CH20Ac 
Ph 
( LXXX ) 
Ph 
\ 
Ph H 
Ph-C C-CH2OAC + •C=CH-CHO 
( LXXXI ) ( LXXXII) 
Ph 
P h - C -
0 
Ph 
I 
OAc Ph-C -
O 
v^OOH 
( LXXXIII ; ( DCXXIV ) ( LXXXV ) 
15 Fristad et al. observed the formation of (3aa,5act. 8as)-3, 
3,6,6-tetraphenyl~2,7-dioxacyclopenta-[a]pentalene-l,8-dione 
( LXXXVIII ) and (3aa,bap,8as)-3,3,6,6-tetramethyl-2,7-dio>acy-
clopentaLa]pentalene-l,8-dione ( LXXXIX ) by the reaction of 
l,l,6,6-tetraphenyl-l,5-hexadiene ( LXXXVI ) and 2,7-dimethyl-
2,6-octadiene ( LXXXVII } with Mn (ill) acetate and Malonic 
acid (0.67:1J2 mol) respectively. 
: 204 : 
1 , 1 , 6 , 6 - T e t r a p h e n y l - l , 5 - h e x a d i e n e 
( LXXXVI ) 
2 ,7 -Di ine thy l -2 , 6 - o c t a d i e n e 
( LXXXVII ) 
•-R 
R 
16 
( LXXXVIII ) Ph 
( LXXXIX ) Me 
F r i s t a d e t al."^' ' r e p o r t e d the format ion of a - c h l o r o -
T- l ac tones ( XCIV-XCV ) and a -me thy l ene -Y- l ac tones ( XCVI-
XCVII ) by t h e o x i d a t i o n of a lkenes ( XC-XCIII ) with Mn( l l ) 
a c e t a t e in t h e presence of c h l o r o a c e t i c ac id and 3 - c h l o r o -
p rop ion ic ac id r e s p e c t i v e l y . 
( XCI ) 
M n ( I I l ) A c e t a t e 
C h l o r o a c e t i c acidr 
( XCII ) 
1 1 
t ( 
M n ( l I I ) A c e t a t e 
(Jhioroprop6n6ic^ 
a c e t i c ac id 
( XCIV ) 
( XCV ) 
( XCVI ) 
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Mn(lIl)Acetat^ 
Chioropropionic 
acetic acid 
( XCIII ) ( XCVII ) 
The oxidation of cyclohexene ( XCVIII ) and cyclo octene 
( XCIII ) with Mn(lll)acetate in cyanoacetic acid afforded 
17 a-cyano-Y-lactone ( XCIX-C ) r e spec t ive ly 
Mn(lI l)Acetate 
CNCH^ COOH ^ 
( XCVIII ) 
f f 
( XCIII ) ( c ) 
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18 E.J. Corey reported the formation of Y-lactones ( CVI-
CXI ) by intermolecular carbolactonization of olefins ( XCVIII, 
CI-CV ) by using cyanoacetic acid in the presence of Mn(III) 
acetate at 23°. 
R e a c t i o n of MnoO(OAc)y w i t h c y a n o a c e t i c a c i d and o l e f i n s 
O l e f i n P r o d u c t Y i e l d % 
( CI ) 
( XCVIII ) 
( C I I ) 
( C I I I ) 
n'~CpH 1 yCH—CHo 
( CIV ; 
( cv ) 
( CVI ) CN 
o 
( evi l ) 
^^5u-^ 
( CVII I ) 
( cix ) 
nnCgHj^y ( CX ) 
Ph OAc 
( CXI ) 
81 
79 
78 
8 2 . 5 
85 
77 
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Nishino reported that 1,1-diphenyl ethene ( CXII ; on 
oxidation with Mn(IIl)acetate in the presence of malonamide 
( CXIII ) afforded 2-cartamoyl-4,4-diphenyl-2-buten-4-olide 
C CXIV ) 3,3,8,8-tetraphenyl-2,7-dioxaspiro[4,4]-nonane-l,6-
dione ( CXV ) and benzophenone ( CXVI ). 
"b^6 
\ 
C=CH2 + 
"5^6 
CH2(C0NH2)2 Mn(III) cetate AcOH, AC2O 
Ph 
CONH 2 
( CXII ) ( CXIII ) ( CXIV ) 
Ph 
0 
. pj-Ph 
( CXV ) ( CXVI ) 
The oxidation of 1, l-bis(4-methoxyphenyl}-ethene ( CXVII ) 
under similar conditions afforded a,^-unsaturated y-lactams 
such as 3-carbamoyl-5,5-bis(4-methoxyphenyl)-lH-pyrrol-2(5H)-
one ( CXVIII ) and 3-carbamoyl-4-hydroxy-5,5-bis(4-methoxy-
phenyl)-lH-pyrrol-2-(5H)-one ( CXIX ), rather than the corrps-
ponding 2-butene-4-olide ^ ( CXX ). 
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OCH 
CH2(C0NH2)2 
OCH 
> "3C0—{o) 
OCH3 ( CXVIII ) 
CONHo 0 2 
ONH. 
CONH. 
( CXIX ) ( cxx ) 
21 Fristad et al. reported the oxidation of a number of 
olefins, such as cis octene-4 ( CXXI ), transoctene-4 ( CXXII ). 
cyclohexene (, XCVIII ) and cycloheptene ( XCIII ) with Mn(lll) 
acetate in acetic acid and potassium acetate. They afforded 
their corresponding isomeric y-lactones trans-dihydro-4,5-
aipropyl-2(3H)-furanone ( CXXIII ), cis-dihydro-4,5-dipropyl-
2(3H)-furanone ( CXXIV ), trans-hexahydro-2(3H)-benzofuranone 
( CXXV ) cis-hexahydro-2(3H)-benzofuranone ( CXXVI ), trans-
octahydro-2H-cyclohepta[b]-furan-2-one ( CXXVII ), cis-octahydro-
2H-cyclohepta[b]-furan-2-one ( CXXVIII ). 
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H,C3-CH=CH-C3H, (cis) M o i l l l l l £ | i § t ^ > 
"7C3 HJC3 C^H-y ^ ^ H 
( CXXI ) 
H^C3-CH=CH-C3Hy (trans) 
r 
( CXXIII ) ( CXXIV 
•> ( CXXIII ) + ( CXXIV ) 
( CXXII ) 
( XCVIII ) 
t « 
^ O;';^ ,-
( CXXV ) ( CXXVI ) 
Mn(lIl)Acetate 
AcOH, AC2O ^ 
( XCIII ) ( CXXVII ; ( CXXVII I ) 
22 Ahmad et al. reported the synthesis of Y-lactones in 
the cholestane series using a,^-unsaturated ketones with Mn(lll) 
acetate. They reported that cholesta-3,5-dien-7-one ( CXXIX ) 
on reaction with Mn(lll)acetate in presence of acetic acid and 
acetic anhydride afforded 4p-hydroxy-7-oxocholest-5-en-3p-yl 
acetic acid Y-lactone ( CXXX ). Cholest-b-en-7-- one ( CXXXI ) 
afforded lactone ( CXXXII ), alongwith 7-oxocholest-5-en-4p-yl 
: 210 
acetate ( CXXXIII ). 3^-Chlorocholest-5-en-7-one ( CXXXIV ) 
on similar treatment afforded the ketone ( CXXXV ) ana the 
Y-lactone ( CXXXVI ). 
R" 
( CXXIX ) 
R' 
( CXXX ) 
(CXXXI) 
(CXXXIV) 
(CXXXIII) 
H 
CI 
H 
H 
H 
OAc 
23 
Fukuzawa et a l . reported the synthesis of Y-lactones by-
reduct ive couplino of ketones or aldehydes with e l ec t ron-
def ic ient dlkenes promoted by samarium (11) Di - iod ide . They 
observeo the reac t ion of ketones ( CXXXVII-CXLI ) with e thyl 
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a c r y l a t e i n p r e s e n c e of Sml^ and o b t a i n e d f o l l o w i n g Y - l a c t o n e s 
( CXLII-CXLVIII ) . 
Ke tone o r 
a l d e h y d e 1 
Ph-C-CH3 
(CXXXVII) 
Ph-C-Ph 
(CXVI) 
(CXXXVIII) 
CH^CH^-CH^-C-H 
(CXXXIX) 
^ 5 ^ 1 1 
(CXL) 
In 
E l e c t r o n - d e f i -
c i e n t a l k e n e s 
CH2=CH -COgEt 
(CXLII) 
I 1 
( I 
f t 
CH2=CH -C-OEt 
P r o d u c t 
P.h CH-
( CLXII ) 
R h ^ P h 
0 
( CXLIII ) 
« - C D C2H5 
( CXLIV ) 
H7C' 
H i iC 
( CXLV ) 
H 
CH2=CH-[CH2J2-c!-CH3 
( CXLI ) 
( CXLV I ) 
H2C=CH(-CH2)2 
CH< 
( CXLVII ) 
Yield% 
70 
38 
40 
65 
28 
70 
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24 Fukuzawa et. al. observed the formation of Y-lactones 
by the smarium (11) di-iodo induced reductive coupling of a,^-
unsaturated esters with carbonyl compounds and obtained 
following results. 
a,^-Unsaturated ester Carbonyl compound Product Yield°4 
Ethyl acrylate 
I • 
« « 
Ph-fc-CH. 
( CXXXVII ) 
Ph-C-Ph 
( CXVI ) 
0 
^2^5~""^2^5 
( CXXXVIII ) 
0 
(CH2)^-t-CH3 
( CXLVIII ) 
Cyclohexanone 
( cxLix ; 
( cLv ; 
70 
47 
40 
71 
76 
( CLVIII ) 
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Ethyl acrylate jtyl cyclohexanone 
( CL ) 
t i Ph-C-H 
( CLI ) 
p 
Ethyl methacrylate Ph-cf-CH, 
( CXXXVII ; 
• I 
PI 
Ph-C-H 
( CXVI ) 
•' Cyclohexanone 
( cxLix ; 
Ethyl crotonate CH3 LCH2J3-CK0 
( CLII j 
• ' CH3 LCHg J4-CHQ 
C c L i i i ; 
71 
82 
( cLx ; 
Ph .CH' 
75 
CH, 
( cLxi ; 
75 
0 ^^CH. 
( CLXII ) 
63 
( CLXII ; 
(HyCg)^ 
CH- 70 
( CLXIII ) 
CH.,-(-CH2)4^H 
( CLXV ) 
70 
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24 Studies on Sml^ induced coupling reaction of organic 
halides with carbonyl compounds showed that the main route 
for the reaction involved both a Ketyl radical and a halide 
anion radical. Since simple reduction and reductive coupling 
products are by products in the Y-lactone synthesis, it is 
reasonable to assume that the reaction may also proceed mainly 
by a radical mechanism. The reaction involves reduction of a 
carbonyl compound to a ketyl with subsequent coupling of this 
to an allylic radical resulting from a one-electron transfer 
2+ from Sm to ethyl acrylate. A proton of an alcohol is then 
incorporated into the a-carbon from the ester group followed 
by cyclization to provide a Y-lactone. Possible pathway for 
the formation of Y-lactone is shown in Scheme-1. 
Scheme-1 
C = O + Sm 2+ 
R^  
R-
\ 
C 
/ 
K 
R 1 --N 
R' 
C-0 
:O^ Et 
Sm 2+ 
R-
R' 
R^i 
C-0 VOEt 
ROH 
0 
-OEt 
Msitn^^m 
There have been several recent examples of the use of 
Lanthanoid reagents in organic synthesis . Samarium (II) 
di-iodide, a strong electron transfer reagent, is parti-
cularly useful for carbon-carbon bond formation ' . Re-
cently it has attracted the attention of chemists for the 
synthesis of a wide variety of compounds containign y-lactone 
moiety due to its effectiveness for the reductive coupling of 
ketones or aldehydes with electron deficient alkenes such as 
23—24 4 
ethyl acryldte , They are known to possess allergenic , 
growth inhibitor , antibacterial and antitumor ' acti-
vities. 
Recently the formation of the Y-lactones has been reported 
from the smarium (II) di-iodide induced reductive coupling of 
a,p-unsaturated esters with carbonyl compounds. This chapter 
deals with similar reactions on steroidal ketones in the 
cholestane and stigmastane series. For the present study we 
have been selected 5a-cholestan-6-one ( CLXVI ), its 3^-chl^ic 
( CLXVII ) and 3^-acetoxy (CLXVIII) analogues 5a-stlarr.ast =in-
6-one ( CLXIX ) its 3^-chloro ( CLX/) and 3^-acetoxy (CIX-.l) 
analogues. 
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CoH 8" 17 
R 
( CDCVI ) H 
( CLXVII ) C l 
( CLXVIII ) OAc 
^10^21 
R 
( CLXIX ) 
( CLXX ) 
( CLXXI ) 
H 
Cl 
OAc 
Reaction of 5a--cholestan-6-one ( CLXVI ) with ethyl acrylate 
by Sml^ 5 
A THF solution of di-iodomethane was added at room tempe-
rature to samarium metal powder. The mixture was then stirred 
at room temperature until the colour of the solution become 
deep green. A mixture of ethyl acrylate, 5a-cholestan-6-one 
( CLXVI ) and t-butyl alcohol in THF was then added simultane-
ously at room temperature under nitrogen atomsphere. The 
resulting mixture was stirred for 10 hrs. After completion of 
the reaction, the solution was poured into dilute HCl and 
extracted with ether. The ethereal layer was washed with water 
and dried over magnesium sulphate. The removal of the solvent 
gave an oily product which was chromatographed over silica gel 
column to afford i- compound, m,p. 143°, 
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CQH-^J 
( CLXVI ) 
/ ^ ^ CO Et 
Smio 
( CLXXII ) 
Characterization of the compound, m.p. 143 as oa-cholestan-6 
(spiro)-^-hydroxy-6^.-propanoic acid-y-xauuone (CLXXIl) 
The elemental analysis of the compound, m.p. 143° corres-
ponded to the molecular formula COQHP-QO , The IR spectrum of 
the compound exhibited bands at 1780 cm"" and 1230 cm" sugges-
ted the presence of Y-lactone moiety. The H-NMR spectrum of 
the compound displayed a broad multiplet at d 2.40-2.46 integra-
ting forfour protons which was assigned to methylpne protons 
of r-lactone moiety. Methyl protons were observed at o 1,2 
(ClO-CH^;, 0.72 (CI3-CH3), 0.91 and 0.81 (other methyl protons). 
On the basis of above evidences, the compound, m.p. 143° was 
characterized as 5a-cholestan-6(spiro)-:^hyfiro;<y-64-pi opanorc 
acid-Y-lactone(CLXXII-)« The structure of the compound was further 
supported by its mass spectral studies,- The mass spectrum of 
compound ( CLXXII ) gave molecular ion peak at Mt-+42 >.C3Qhp^ Q0o) 
: 218 : 
fol lowed by o t h e r s i g n i f i c a n t fragment ions a t m/z 427, 398, 
386, 383, 371 , 329, 302, 111 and o the r lower mass peaks . 
Genesis of some of t h e fragment ions i s shown in scheme-1 
which i s t e n t a t i v e in n a t u r e . 
-C 10^20 
m/z 329 
-C8H17 ^ m/z 427 
Mt 442 (CLXXII ^ 
O "^24*^43 
m/z 386 
m/z 371 
-CO^ 
M/ 
m/z 398 
-CH, 
m/z 383 
+ r ^ 
m / z 111 
React ion of 3 g - c h l o r o - 5 a ~ c h o l e s t a n - 6 - o n e ( CLXVII } with e t h y l 
a c r y l a t e by Sml^ : 
A THF s o l u t i o n of d i - iodomethane Was added a t room tempe-
r a t u r e t o samarium metal powder. The mix tu re was then s t i r r e d 
at room t e m p e r a t u r e u n t i l t h e co lou r of t h e s o l u t i o n became deep 
: ^ i . 
green . A mix tu re of e t h y l a c r y l a t e , 3 p - c h l o r o - 5 a - c h o l e s t a n -
o-one ( CLXVII ) and t - b u t y l a l c o h o l in THF was then added 
s imul t aneous ly a t room t e m p e r a t u r e under n i t r o g e n a tmosphere . 
The r e s u l t i n g mix tu re was s t i r r e d fo r 10 h r s . Usual work up 
of t h e r e a c t i o n mixture and p u r i f i c a t i o n by column chromato-
graphy gave an o i l y compound ( CLXXIII ) . 
^8^17 
( CLXVII ) ( CDCXIII } 
C h a r a c t e r i z a t i o n of the o i l y compound as 3 P - c h l o r o - S a - c h o x e s t a n -
6 - ( s D i r o ) - ^ h v a r o x v - 6 ^ D r o D d n o i c uci(i~frLlacJ^ne (CLXXIII) : 
The o i l y compound ( CLXXIII ) was ana lysed c o r r e c t l y fo r 
C^QH QO„C1 ( p o s i t i v e B e i l s t e i n t e s t ) . I t s IR spectrum gave 
bands a t 1775, 1225 (Y- l ac tone moiety) and 760 cm""^  ( C - C l ) . 
The "H-NMR spectrum of t h e compound e x h i b i t e d a broad m u l t i o l e t 
30 
a t d 3 .8 (Wl/2 = 16Hz, a x i a l ) t o r C3a-Fi. A broad n u l t i o l e t at d 
2 .38—2.42 i n t e g r a t i n g - t o i t o u r p ro tons .." ^ ^ 0L^ i 'P ^ oi raethyJenf 
pro tons of Y- lac tone moie ty . Angular and s i d e cha in methyl 
p ro tons were observed a t d 1.2 (ClO-CH^), 0 .70 (CI3-CH3), 0 . 9 1 
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and 0.80. These values suggested the structure of the oily 
compound as 3^-chloro- f)a-cholestan-6-(spiro)-^hyaroxy-'6^--pro-
panoic acid-Y-lactoneCC-LXKlU). This structure was further suppor-
ted by mass spectral studies of the compound. The mass sppctrum 
of compound ( CLXXIII ) gave molecular ion peak at M. 476/478 
^'^30^49^2^'^^ followed by other significant fragm*=nt ions at m/z 
461/463, 440, 432/434, 420/42?, 417/419, 40S)/40 s 396, 384, 3"1, 
369, 363/365, 336 J38^ 111 and oth'^ -^  -^^ wer mass peaks. Fuimacio! 
of some of the fragment ions is shown in Scneme-2. 
m/z 336/338 
-CioH2( CoH 
m/z 363/365 f 
8" 17 
-CH. 
-^4^42^^ 
-> m/z 461/463 
Mt 476/478 (CLXXIII) 
m/z 440 
-CO. r 
-CO. 
\K 
m/z 396 m/z 384 
-CH3 
m/z 432/434 m/z 420/422 
-CHo 
-CH. 
m/z 381 
N/ 
m/z 369 
-CH3 
m/z 405/407 
m/z 417/419 
m/z 111 
Reaction of 3g-acetoxv-5a-cholestan-6-one ( CLXVIII ) with 
ethyl acrylate by Svnl^  : 
A THF solution of di-iodomethane was added at room tempe-
rature to samarium metal powder. The mixture was then stirred 
at room temperature until the colour of the solution became deep 
green. A mixture of ethyl acrylate, 3P-acetoxy-5ct-cholestan-6-
one ( CLXVIII ) and t-butyl alcohol in THF was then added simu-
ltaneously under similar reaction conditions as described 
earlier. After usual work up of reaction mixture and purification 
by column chromatography, a compound was isolated as a semi solid. 
^8^17 
'^^^^ C02Et 
SmI, f 
AcO 
( CLXVIII ) ( CLXXIV ) 
Characterization of the compound, semi solid as 3g-acetoxv :-'..:.-
cholestan-0 i.spirQJP'/-r-hydroxv-6^ propanoic acid-y-lactorie(CLXXIV} 
The compound semi solid was analysed for C^^Hc.^0.. The 
IR spectrum of the compound showed bands at 1780, 1735 and 
1230 cm indicating the presence of a Y-lactone ring and an 
acetate function. The H-NMR spectrum of the compound displayed 
a broad multiplet at d 4.7 (Wl/2 = l6Hz, axiaD^^ integrating 
for one proton, which was assigned to C3a-H. A broad multipl' t 
appeared at d 2.32-2.40 integrating for four protons were assign-^ -
to methylene protons of spiro-Y-lactone moiety. The acetate 
methyl protons were observed as a singlet at ^ 2.01. The angular 
and side chain methyl protons were observed at d 1,2 (ClO-CH^), 
0.75 (CI3-CH3), 0.91 and 0.81. These values suggested ^hp 
compound to be 3^-'acetoxy-5a-cholestan-6(spiru;^-hyji;oxy-o^Dio 
panoic cici<i~r-luctone(^CLX/.IV)This structure was further supported 
by mass spectral studies. The mass spectrum of the compound 
( CLXXIV ) did not give molecular ion peak at Mt 500 ^^2'^b'pA'^ 
but gave other significant fragment ions at m/z 485, 44n, TOA^ 
38/, 386. 38^' ^^^ .. .-5^ 9, ^'JO, 334, 11^ -.'!• of or .nai.. p a.^  i.. 
Genesis of some of the fragment ions is shown in scheme-3. 
Scheme-3 
m /z 485 < ^ m/z 360 
( CLXXIV ) M. 500 
F m -CH3 
m/z 381 
/z 396 ^ -CO. 
-Ac OH 
m/z 369 
•CH3 
m/z 440 
o 
m/z 384 
(not observed) 
' V m/? Ill 
m /z 386 
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Reaction of 5a-stlqmastan-6-one ( CLXIX ) with ethyl acrylate 
by Sml^ 5 
A THF solution of di-iodomethane was added at room tempe-
rature to samarium metal powder. The mixture was then stirred 
at room temperature until the colour of the solution became deep 
green. A mixture of ethyl acrylate, 5a-stigmastan-6-one ( CLXIX ) 
and t-butyl alcohol in THF was then added simultaneously at 
room temperature under similar reaction conditions as described 
earlier. After usual work up of the reaction mixture and 
purification by column chromatography, compound, m.p. 80 was 
isolated. 
^10^21 
^^^ C02Et 
SmI, 
( CLXIX ; ( CLXXV ) 
Characterization of the compound, m.p. 80° as ba-stiamastan-6 
(spiro)'^-hydroxy-6£>-propanoic a-ciu-ir-lactoia (CIXXV) 
The compound, m.p. 80° was analysed correctly for Z^M^X) . 
The IR spectrum of the compound exhibited bands at 1780 cm" and 
1230 cm" suggested the presence of Y-lactone moiety. The •'"H-NMR 
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spectrum of the compound displayed a broad multiplet at d 2.38-
2.42 integrating for four protons which- a:signed to methylene 
protons of spiro-Y-lactone moiety. Methyl protons were observed 
at d 1.2 (CIO-CH3), 0.72 (Cia-CH^), 1.06, C.9 and 0.8. On the 
basis of above evidences, the compound, m.p. 80 was ch'iracterizeo 
as 5a-stigmastan-6( spiro)-'^hyaroxy-6'6-Dron,)no ic -,?ci'^--Y ir.ct''''^^ 
( CLXXV ). The structure of the compound v;as further supported 
by its mass spectral study. The mass spectrum of the compound gnve 
molecular ion peak at M. 470 (C^„Hp-.0_) followed by other signi-
ficant fragment ions peaks at m/z Abb, 426, 414, 411, 399, 329, 
302, 111 and other lower mass peaks. Genesis of some of the 
prominent fragment ion peaks has been shown in scheme-4. 
Scheme-4 
m/z 329 <' ^O 21 
0 
"^12^24 
-CH, 
(CLXXV; Mt 470 
-CO, m /z 111 
m /z 399 <—-^m/z 414 m/z 426 
m/z 411 
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Reaction of 3g-chloro-5a-stiqmastan-6-one ( CLXX ) with ethyl 
acrylate by Sml^ s 
A THF solution of di-iodomethane was added at room tempera-
ture to samarium metal powder. The mixture was then stirred at 
room temperature until the colour of the solution became deep 
green, A mixture of ethyl acrylate, 3p-chloro-5a-stigmastan-6-
one ( CLXX ) and t-butyl alcohol in THF was then added simultane-
ously at room temperature under similar reaction conditions as 
described earlier. Usual workup of reaction mixture and purifi-
cation by column chromatography^ afforded an oily compouna 
(CLXXVI). 
C10H21 
/Xi 
<::^^^0 Et 
SmI, 
) 
H 0 
( CLXX ) ( CLXXVI ) 
Characterization of the oily compound as 3g-chloro -ja-stigmabtan-
^(spiro)-"^hydroxy-6£-proDanoic acid-Y-lactone (CLXX' x) 
The elemental analysis of the oily compound corresponded 
to the molecular formula C-^ H^ -O^Cl. Its IR spectrum gave bancs 
1% 
-1 at 1775, 1225 (Y-lactone moiety) and 760 cm ^ (C-Cl). The ""H-NMR 
spectrum .of the compound exhibited a broad multiplet dt d 3.78 
Of) 
(WI/2 = l6Hz, axial) integrating for one proton which was assi-
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gned to C3a-H. A broad multiplet was observed at d 2.38-2.40 
integrating for four protons and • -  assigned to methylene protons 
of spiro-Y-lactone moiety. Angular and side chain m.ethyl orotons 
were observed at d 1.2 (CIO-CH3), 0.70 (CI3-CH3), 0.9 and 0.8. In 
the light of above discussion, the oily compound may therefore bp 
regarded as 3p-chloro-ba-stigmastan-6-(spiro)-'^-hyaroxy-6?^-piw ..n.j 
acld-Y-lactone (CLXXVI). The structure of the com'^ o'jnd 
C CLXXVI ) was further suoported by its mass spectral sijc.j -. 
The mass spectrum of the compound ( CLXXVI } gave moleci leaJ io-
peak at Mt 504/506 (C32H^30 CI) followed by other signilleant 
fragment ions at m/z 489/491, 468, 460/462, 448/450, 44t=/447, 
433/435, 424, 412, 409, 397, 363/365, 336/338, i]] anc rth-r 
lower m'ass peaks. Genesis of some .->f tne fragrner.u ions has been 
given in scheme-5. Scheme-5 
-Cj_2 ^ 24 
ic 
m/z 363/365 < ^10^21 
-CH-
-> m/z 489/491 
^^26^46^1 
> 
m/z 460/462 
-CH. 
m/z 445/447 
-CH3 
m/z 409 ^ m/z 424^ 
(CLXXVi;, 
Mt 504/506 _/ 
Vi' 
~^^^ m/z 448/450 
/z 111 
-> m/z 433/435 
-CO-
•m/z 468 ->m/z 412 
-CH-
-^  m/z 397 
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Reaction of 33-acetoxy-5a-stlqma5tan-6-one ( CLXXI ) with ethyl 
acrylate by Sml^ : 
A THF solution of di-iodomethane was added at room tempe-
rature to samarium metal powder. The mixture was then stirred 
at room temperature until the colour of the solution became deep 
green. A mixture of ethyl acrylate, 3^-acetoxy-5a-stigmastan-6~ 
one ( CLXXI ) and t-butyl alcohol in THF was then added simulta-
neously at room temperature under similar reaction conditions 
as described earlier. After usual work up of reaction mixture 
and purification by column chromatography^ compound m.p. 93° was 
isolated. 
AcO 
910H2I 
^^ ^^ N^:o Et 
2 
Smio 
-^  
( CLXXI ) ( CLXXVII ) 
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Characterization of the compound, m.p. 93 as 3p-acetoxv-pa-b viu.na-
stan-6(sniro)-^"hydruxy-6gt-propanoic acid-y-lactone (CLx/VII) 
The compound, m.p. 93° was analysed for C-3.Hp-,0.. The IR 
spectrum of the compouna showed bands at 1780, 1735 and 1230 
cm indicating the presence of a Y-lactone ring and an acetate 
29 ^ 
function. The H-^ JMR spectrum of the compound disolayed a broad 
30 
multiplet at d 4.8 ("Wl/2 = 16Hz, axial) , integrating for one 
proton and was assigned to C3a-H. A broad multiplet appeared at 
d 2.40-2.45 integrating for four protons were assigned to methyl-
ene protons of lactone moiety. The acetate methyl protons - ,-
observed as a singlet at d 2.0 and the angular and side chain 
methyl protons were observed at d 1.2 (ClO-CH^), 0.75 (C13-CH ), 
0.91 and 0.80. On the basis of above evidences, the compound, 
m.p. 93 may therefore be characterized as 3p-acetoxy-jj_stigmasTan-
6-(spiro)^^-hyaroxy-6^-propanoic acid-Y-Iactone ^CL.AA\'il). Mass 
spectral study further supported the structure of the compound 
as ( CLXXVII ). The mass spectrum of compound ( CLXXVII ) gave 
no molecular ion peak at Mt 528 (C^^Hp-X^) but i-ive other signi-
ficant fragment ions at m/z 513, 4e>8, 424, 418, 4i^, -tu,, 
397, 383, 362, 360, 111, and other lower mass opaks. Genesis 
of some of the fragment ions . is given in scheme-6. 
Scheme-6 
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m 
"^12^24 
/z 383 f ~^10^21 
^10^21 
-CH. 
-T- n/z 513 
-^ -ww^  ^ ^  
-CO, 
m/z 424 f-
-.CH3 
m/z 409 
(CLXXVIi; M1 528 (absent) 
-Ac OH 
m/z 468 > 
0 
i -A 
m/z 412 
-CH-, 
^ 
m/z 397 m/z 358 
Formation of spiro-Y-lactones was expalined by the 
23 ^A 
mechanism suggested as below *"' . 
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S-vn IJr 
- ^ 
Sm 2+ 
^ 
C02Et 
\k 
f ROH 
-OEt 
\k 
R = H, CI, OAc 
/ : \ . 
experimental 
6-Nitrocholest-5-ene ( CLXXVIII ) 
A suspension of freshly powdered cholest-5-ene (6.0 g) 
in glacial acetic acid (50 ml) was stirred at room tepmerature 
for 5 minutes. Fuming nitric acid (20 ml, d, 1.5) was rapidly-
added and the stirring was continued for 2 hrs. The tempera-
ture of the reaction mixture was controlled between 20-25 C by 
external cooling. The reaction mixture was then poured into 
ice cold water. A yellow solid thus obtained was filtered under 
suction, washed thoroughly with water and air dried, ^ecrysta-
llization from ethanol funrished pure 6-nitrocholest-5-ene 
(3.5 g), m.p. 117-118° (reported^-^, m.p. 117-118°). 
5a-Cholestan-o-one ( CLXVI ) 
Powdered 6-nitrocholest-5-ene ( CLXXVIII ) (6 g) was 
dissolved in warm glacial acetic acid (120 ml) and zinc oust 
(12 g) was gradually added with shaking. The suspension was 
heated under reflux for 4 hrs. and water (12 mi) was added now 
and then during the course of reaction. The hot solution was 
filtered to remove zinc powder cooled to room temperature and 
diluted with a large excess of ice-cold water. The precipitate 
thus obtained was taken in ether and the ethereal solution was 
: 232 : 
washed successively with water, sodium bicarbonate solution (5%) 
and again with water and dried over anhydrous sodium sulphate. 
Removal of the solvent gave the ketone ( CLXVI ) as an oil which 
was crystallized from ethanol as thin plates (3.5 g), m.p. 96-98° 
(reported^^, m.p. 98-100°). 
Reaction of 5a-cholestan-6-one ( CLXVI ) with ethyl acrylate by 
Sml^ : t)a-Cholestan-6(spiro)-^-hyaroxy-6£.-propann Ic „ : -f-lacione 
(CLXXII) 
A THF (5 ml) solution of di-iodomethane (1.13 g, 4 m mol) 
was added at room temperature to samarium metal powder (0.60 g, 
4 m mol). The mixture was then stirred at room temperature, 
until the colour of the solution became deep green. A mixture 
of ethyl acrylate (0.20 g, 2 m mol), 5a-cholestan-6-one (l.O g, 
2. 5 m mol) and t-butylalcohol (0,14 g, 2 m mol) In THF (5 ml) 
was then added simultaneously at room temperature under nitrogen 
atomsphere. The resulting mixture was further stirred for 10 
hrs at the same temperature. After completion of the reaction, 
the solution was poured into dilute HCl and extracted with ether. 
The ethereal layer was washed with water and dried over rr.angene-
sium sulphate. Evaporation of the solvent gave an oil which was 
chromatographed over silica gel column (20 g). Elution with 
petroleum ether - ether (8:1) afforded ( CLXXII ) as a solid 
compouno which was crystallized from methanol (0.682 g, 1.54 m 
mol) m.p. 143 
: 233 : 
Analys i s found : C, 8 0 . 7 1 ; H, 12.10 
^30^50°2 ^^q^ i^^s ' C, 80 .70 ; H, 12.10%. 
IR : \ 1780 and 1230 cm""'- ( S p i r o - Y - l a c t o n e m o i e t y ) . 
•^ max. 
0 
-^H-NAAR : d 2 . 4 0 - 2 . 4 6 (brm, CH2-CH^-C-0-), 1.2 (CIO-CH3), 0.72 
(CI3-CH3), 0.91 and 0.81 (other methyl protons). 
MS : Mt 442 (12.51; C^QU^QO^)^ ATI (3.57; C^^H^T^,;, 426 
(4.57), 398 (9.35; C^^H^Q), 386 (12.50; C^^^'^^O), 383 
(2.50), 382 (1.50), 371 (2.52), 370 (3.53), 369 (2.5), 
368 (0.85), 365 (2.50), 364 (1.25), 350 (1.25), 349 
(0.45), 348 (0.23), 345 (1.25), 344 (0.15), 343 (1.25), 
342 (1.50), 329 (1.25), 315 (1.50), 314 (1.25), 302 
(1.25), 287 (1.25), 286 (2.15), 285 (0.58), 284(2.53), 
283 (1.53), 282 (1.15), 281 (5.15), 280 (1.25), 279 
(3.125), 278 (0.53), 277 (1.55),.276 (1.25), 260(1.25), 
259 (3.20), 257 (1.52), 256 (l.50), 255 (0.32), 254 
(1.25), 253 (4.53), 252 (1.25), 251 (2.01), 250(4.50), 
249 (2.1), 248 (3.50), 247 (4.50), 246 (3.12),245(3,21), 
244 (1.25), 243 (0.52), 242 (0.15), 241 (1.20), 240 
(2.30), 248 (3.50), 247 (1.05), 246 (2.05), 245(1.15), 
244 (1.02), 243 (1.25), 242 (2.50), 241 (1.50), 230 
(1.05), 229 (1.25), 220 (1.20), 210(1.45), 208(4.05), 
206 (1.25), 205 (l.lO), 204 (l.lO), 203 (1.25), 202 
(1.15), 201 (4.50), 200 (4.20), 198 (3.10), 195(2.50), 
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196 (1.42), 195 (2.50), 194 (1.21), 193 (1.41), 192 (1.20), 
150 (2.40), 149 (1.40), 148 (3.20), 147 (1.25), 146 (2.10), 
145 (0.35), 144 (0.38), 143 (0.47), 142 (2.10), 141 (1.40), 
140 (1.20), 139 (2.10), 138 (0.58), 137 (0.35), 136 (4.10), 
135 (2.10), 134 (1.45), 133 (3.40), 132 (2.10), 130 (l.4l), 
120 (2.10), 119 (1.54), 118 (1.34), 117 (1.40), 116 (1.16), 
115 (1.25), 116 (2.45), 115 (2.01), 114 (1.25), 113 (1.25), 
111 (21.15), 110 (4.10), 108 (2.10), 107 (1.20), 305(3.20), 
104 (2.75), 103 (3.45), 100 (1.25) 99 (1.25), 98 (1.15), 97 
(1.12), 96 (1.10), 95 (1.10), 93 (1.25), 92 (1.25), 90(1.45), 
80 (2.01), 79 (1.05), 69 (2.01), 54 (1.02), 53 (2.01), 52 
(1.05), 50 (1.23), 48 (4.05), 47 (2.01), 46 (1.25), 45(10.25), 
44 (30.25), 43 (10.25;, 42 (100.00), 41 (60.25). 
3i3-Chloro-6-nitrocholest-5-ene ( CLXXIX ) : 
To a well stirred mixture of 3p-chlorocholest-5-ene (12 g) 
glacial acetic acid (80 ml) and nitric acid (25 ml, d, 1.52) 
at temperature below 20 , was added sodium nitri-t-«= (3.0 g) 
graoually over a period of 3 hrs. After the comolete addition 
of sodium nitrite, the mixture was further stirred for about 
1 hr. Ice cooled water (200 ml) was added and the yellowish 
solid thus separated was filtered and air dried. The desired 
nitro compound was recrystallized from methanol as needles 
(8.3 g) m.p. 151-152° (reported^^, m.p. 153°). 
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33-Chloro-5a-chQlestan-6-one ( CLXVII ) : 
To a solution of 3^-chloro-6-nitrocholest-5-ene (12 o) in 
hot distilled glacial acetic acid (240 ml), zinc dust (24 g) 
was added gradually in small portions with shaking. The suspen-
sion was heated under reflux for 4 hrs and water (24 ml) was 
added at regular intervals during the course of the reaction. 
The hot solution was filtered to remove zinc and the filtrate 
Was cooled to room temperature and diluted with a large excess 
of ice cold water. The organic matter was extracted with ether 
fne ethereal solution was washed successively with water, sodium 
bicarbonate solution (5%) and again with water and dried over 
anhydrous sodium sulphate. Evaporation of the solvent gave an 
oil which was crystallized from methanol to give the ketone 
( CLXVII ) (8.7 g) m.p. 128-129° (reported^"^, m.p. 128-129°;. 
Reaction of 3g-chloro-5a-cholestan-6-one ( CLXVII ) v>'ith ethyl 
acrylate by Sml„ : 3p-Chloro-5a-cholestan-6( spiro)-^-hyuxoxy-6•^-
_££0£ano ic acia-r-lcictone (CLXXIII) . 
A THF (5 ml) solution of di-iodomethane (1.13 g, 4 m mol) 
Was added at room temperature to smamrium m.etal powder (0.60 g, 
4 m mol). The mixture was then stirred at room temperature until 
the colour of the solution became deep green. A mixture of ethyl 
acrylate (0,20 g, 2.0 m mol) 3^-chloro-5a-cholestan-6-one (l.O g, 
2.37 m mol) and t-butyl alcohol (0.14 g, 2 m mol) in THF (5 ml) 
was then added simultaneously at room temperature under similar 
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reaction conditions as described earlier. After usual workup 
and removal of the solvent gave an oil which was chromdto^iraphed 
over silica yel (20 g) column. Elution with petrolpum -"h^r -
etner (8:1) yielded compound ( CLXXIII ) (0,672 g, 1.41 m mol) 
as a non crystallizable oil (positive Beilstein test). 
Analysis found : C, 74.94; H, 11.01 
^30^49°2^'^ requires : C, 74.90; H, 11.0?^ . 
29 
IR 5 x'N ^  ^ 1775, 1225 ( s p i r o - Y - l a c t o n e moiety) and 760 cm ^ 
( C - C l ) . 
'•^ H-m« : 6 3.8 (brm, C3a-H, wi/2 = 16Hz, axial)^°, 2.38-2.42 
(brm, CH2-CH2-B-C), 1.2 (CIO-CH3), 0.70 (CI3-CH3), 
0.91 and 0.80 (other methyl protons). 
MS : Mt 476/478 (6.75/2.28; C3QH^902C1), 461/463 (3.75/1.23 
^29^46°2^-^^' 460/462 (3.82/1.25), 441 (2.51), 440(11.25) 
432/434 (8.25/2.85; C29H49CI), 420/422 (10.50/3.65; 
C27H45OCI), 417/419 (3.75/1.35), 416/418 (3.84/1.21), 
405/407 (7.25/1.43), 404/406 (3.25/1.28), 396(11.25), 
384 (21.25), 381 (6.35), 380 (2.25), 369 (1.45), 368 
(3.25), 363/365 (11.25/3.78), 336/338(3.25/1.70), 242 
(11.25), 230 (1.25), 215 (1.25), 214 (0.35), 213(0.52), 
212 (1.25), 211 (1.35), 210 (O.68), 209 (1.23), 208 
(0.35), 207 (1.25), 206 (3.25), 205 (1.35), 204(1.25), 
203 (1.20), 202 (1.15), 201 (1.35), 200 (1.65), 199 
: 237 : 
(1.35), 198 (1.63), 197 (1.27), 170 (4.1), 169 (2.10), 168 
(1.45), 167 (2.01), 166 (1.45), 165 (2.01), 164 (1.07), 163 
(1.04), 150 (1.02), 149 (1.03), 148 (2.01), 147 (1.03), 146 
(1.04), 144 (1.02), 143 (2.01), 142 (1.05), 141 (9.60), 137 
(2.40), 135 (12.00), 133 (24.00), 132 (4.80), 131 (29.20), 130 
(4.80), 128 (14.40), 127 (3.60), 123 (9.60), 121 (24.00), 120 
(12.00), 119 (33.60), 118 (16.80), 117 (57.60), 115 (72.00), 
114 (7.20), 113 (12.00), 111 (12.00). 109 (12.00), 101 (3.60), 
100 (4.80), 95 (1.20), 94 (3.60), 90 (2.40), 83 (1.20), 32 
(4.80), 78 (3.60), 76 (1.20), 71 (7.20), 69 (4.80), 68 (1.20), 
67 (7.20), 65 (1.20), 57 (24.00), 56 (2.40), 55 (19.20), 54 
(1.20), 53 (2.40), 44 (3.60), 43 (100.00), 42 (9.60), 41 (21.60), 
40 (24.00), 
3g-Acetoxy-6-nitrocholest-5-ene ( CLXXX ) 
3p-Acetoxycholest-5-ene (10.0 g) was covered with nitric 
acid (250 ml, d, 1.42) and sodium nitrite (8.0 g) was gradually 
added over a period of 1 hr with continous stirring. Slight 
cooling was also affected during the course of reaction and sti-
rring v^ as continued for additional 2 hrs. Vvhen the yellow spongy 
mass separated on the surface of the mixture, it was diluted with 
cold water (200 ml) resulting a green coloured solution. The 
whole mass was extracted with ether. The ethereal solution was 
washed with water, sodium bicarbonate solution (5°0 (until washing 
: 238 : 
was pink) and water and dried over sodium sulphate (anhydrous). 
Removal of the solvent provided the nitro compound as an oil 
which was crystallized from methanol (7.0 g), m.p. 104 
(reported^^, m.p. 102-104°). 
3j:^-Acetoxv-5a-cholestan-6-one ( CLXVIII ) 
3p-Acetoxy-6-nitrocholest-5-ene (3 g) was powdered and 
dissolved in Lflacial acetic acid (125 ml) by warming the mixture 
and zinc dust (6 g) was added in small portions with shaking. 
The suspension was heated under reflux for 4 hrs and water (6 ml) 
was added now and then during the course of reaction. The hot 
solution was filtered to remove zinc dust, cooled to room 
temperature and diluted with a large excess of ice-cold water. 
The white precipitate thus obtained was taken in ether and the 
ethereal solution was washed successively with water, sociiumbicarbo-
nate solution (5f^ )and again with water and dried over anhydrous 
sodium sulpnate. Evaporation of the solvent gave an oil which 
was recrystallized from methanol to give ( CLXVIII ) (2.4 q), 
m.p. 128° (reported^^, m.p. 12/'-128°). 
Reaction of 3<J-acetoxy-5a-cholestan-6-one ( CLXVIII ) with ethyl -
acrylate by Sml,^  : 3;5-Acetoxy-Da.-cholestan-6-(spiro;--^-hydroxy-6'^-
-prppanoic acid-irj::l££tone (^ cp<XJV) : 
A THF (5 ml) solution of di-iodomethane (1.13 g, 40 m nol) 
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was added at room temperature to samarium, metal powder (0.6C g, 
4.0 m mol). The mixture was then stirred at room temperature 
until the colour of the solution become deep green. A mixture 
of ethyl acrylate (0.20 g, 2.0 m mol) 3p-acetoxy-5a-cholestan-
6-one (1.0 g, 2.2 m mol) and t-butyl alcohol (O.l^ g, 2.0 m mol) 
in THF (5 ml) was then added simultaneously at room temper^^ture 
under similar reaction conditions as described earlier. After 
usual workup and evaporation of the solvent provided an oil 
which was chromatographed over silica gel (20 g) column. Elution 
with petroleum ether - ether (5:1) yielded a compound ( CLXXIV ) 
(0.589 g, 1.1 m mol) as a semi solid. 
Analysis found : C, 76.18; H, 11.13 
^32^52^4 ^^M^i^^s : C, 76.10; H, 11.10%. 
IR * Ora-x ^'^^^f 1^35 and 1230 cm""'- (spiro-Y-lactone moiety 
and acetate function), 
-^ H-NMR : d 4.7 (br m, C3a-H, Wl/2 = l6Hz, axial) ^ \^ .-.J^-2.40 
(brm, CH^-CH^-C-O-), 2.01 (s, CH3-C-O-), 1.2 (CIO-CH3), 
0.75 (CI3-CH3), 0.91 and 0.81 (other methyl p. otons). 
MS : Mt 500 (not observed; C3jH,,^ 0_ ), ^85 (1.35; C^ H^^ .^ O K 
484 (3.25), AAC (11.25; C^^H^.^O^), 396 (12.^0;, 3 87 
(11.75), o^ (12.35), iz' (3.2b), 381 (2.55), 380 
(1.25), 369 (1.25), 368 (2.45), 360 (2.15), 334(3.25), 
292 (1.20), 291 (3.60), 289 (4.80), 282 (l.20), 280 
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(2.40), 279 (1.20), 278 (0.68), 277 (0.6l), 276 (l.20), 275 
(2.40), 274 (2.40), 272 (4.80), 271 (24.00), 270 (7.2C), 266 
(2.40), 265 (12.00), 264 (9.60), 262 (9.60), 262 (9.60), 261 
(33.60), 260 (12.00), 259 (1.2), 258 (1.2), 256 (0.6l), 255 
(9.60), 254 (3.60), 253 (4.8), 252 (l6.80), 251 (3.60), 250 
(14.40), 249 (48.00), 248 (55.20), 246 (45.60), 245 (4.80), 244 
(4.80), 243 (3.60), 241 (2.40), 240 (4.80), 239 (9.60), 238 
(4.80), 237 (2.40), 236 (1.20), 235 (7.20), 235 (7.20), 234 
(9.60), 232 (14.40), 231 (9.60), 230 (4.80), 229 (7.2), 228 
(12.00), 227 (7.20), 225 (36.00), 224 (2.4), 214 (9.60), 212 
(48.00), 211 (24.00), 210 (48.00), 209 (4.8), 208 (4.8), 207 
(2.40), 206 (4.80), 205 (4.80), 200 (9.60), 199 (7.20), 198 
(24.00), 197 (14.40), 196 (36.60), 195 (9.60), 194 (9.60), 193 
(9.60), 191 (2.4), 190 (4.80), 188 (9.60), 186 (12.00), 185 
(9.60), 183 (24.00), 182 (9.60), 180 (16.80), 178 (9.6), 176 
(12.00), 174 (24.00), 173 (12.00), 172 (12.00), 171 (16.80), 
170 (36.00), 169 (16.80), 168 (31.20), 166 (14.^0), 165 (7.20), 
164 (14.40), 162 (24.00), 161 (43.20), 160 (24.00), 159 (48.(X)), 
158 (36.00), 157 (74.40), 156 (14.40), 150 (12.00), 149 (14.40), 
148 (7.20), 146 (24.00), 145 (24.00), 144 (9.60), 143 (24.00), 
142 (7.2), 140 (12.00), 139 (1.20), 138 (1.20), 137 (7.20), 136 
(12.00), 135 (14.40), 134 (24.00), 133 (12.00), 132 (26.40), 131 
(9.6), 130 (7.2), 129 (14.40), 128 (12.00), 127 (2.40), 126(1.20), 
125 (1.20), 124 (2.40), 123 (21.60), 122 (19.20), 120 (28.80), 
119 (26.40), 118 (33.60), 117 (14.40), 116 (7.20), 115 (l6.80). 
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111 (12.00), 110 (38.40), 109 (45.60), 108 (26.40), 107 (52.80), 
106 (19.20), 105 (16.80), 104 (57.60), 103 (7.20), 102 (2.40), 
98 (2.40), 97 (16.80), 96 (86.40), 95 (26.40), 94 (24.00), 93 
(76.80), 92 (16.80), 90 (67.20), 85 (9.60), 84 (12.00), 83 
(50.40), 82 (28.80), 81 (lOO.OO), 80 (24.00), 79 (86.40), 78 
(16.80), 76 (52.80), 70 (36.00), 69 (98.60), 68 (36.00), 67 
(80.40), 66 (12.00), 64 (16.80), 63 (72.00), 62 (4.80), 59(16.BC), 
58 (98.60), 57 (16.80), 55 (67.20), 54 (16.80), 53 (31.20), 52 
(9.60), 51 (12.00), 50 (9.60), 49 (1.20), 45 (19.20), 44(7.20), 
43 (86.40), 42 (45.60), 40 (98.60). 
6-Nitrostiqmast--5-ene 
A suspension of freshly powdered stigmast-5-ene (6.0 g) 
in glacial acetic acid (50 ml) was stirred at room temperature, 
for 5 minutes. Fuming nitric acid (20 ml, d, 1,5) was rapidally 
added and the stirring was continued for 2 hrs. The temperature 
of the reaction mixture was controlled between 20-25 by external 
cooling. The reaction mixture was then poured into ice cold 
water. A yellow solid thus obtained was filtered under suction, 
washed thoroughly with water and air dried. Recrystallization 
from ethanol furnished pure 6-nitrostigmast-5-ene (3.5 g), 
m.p. 102° (reported^'^, m.p. 103 C ). 
5a-Stiqmastan-6-one (cLXIX): 
6-Nitr»stigmast-5-ene (6 g) was powdered, dissolved in warm 
• ^ V • > ^ T Z • 
glacial acetic acid (120 ml) zinc dust (12 g) v^as gra'ually 
added with shaking. The suspension was heated under reflux for 
4 hrs. and water (12 ml) was added now and then during the 
course of reaction. The hot solution was filtered to remove 
zinc powder cooled to room temperature and diluted with a large 
excess of ice-cold water. The precipitate thus obtained was 
taken in ether and ethereal solution was washed successively with 
water, sodium bicarbonate solution (5%) and again with water and 
dried over anhydrous sodium sulphate. Removal of the solvent 
gave the ketone ( CLXIX ) as an oil which was crystallized 
from ethanol as thin plates (3.b g), m.o. "78° (renorted"" , 
m.p. 79 ). 
Reaction of 5a-stiqmastan-6-one ( CLXIX ) with ethyl dcrylate 
by SmI,, : 5a-Stigmastan-6-(spiro)--^-hyaroxy-6-£^Tpropanoic jcia-r-
lactone (LXXV) t 
A THF (5 ml) solution of di-iodomethane (1.13 g, 4.0 m mol) 
was added at room temperature to samarium metal powder. The 
mixture was then stirred at 0° until the colour of the solution 
became deep green. A mixture of ethyl acrylate (0.20 g, 2.0 m 
mol) 5a-stigmastan-6-one (l.O g, 2.4 m mol) and t-butyl alcohol 
(0.14 g, 2 m mol) in TKF (5 ml) was then added simultaneously at 
room temperature under similar reaction conditions as described 
earlier. After usual workup and removal of the solvem: gave an 
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o i l which vvas chromatogrdphed over s i l i c a g e l (20 g) co l imn. 
E l u t i o n wi th pet ro leum e t h e r - e t h e r (12 :1) y i e l d e d compound 
( CLXXV ) (0 .568 g, 1.20m mol ) , m.p. 8 0 ° . 
Ana lys i s found : C, 8 0 . 9 7 ; H, 12.28 
^32^54^2 ^^q^i^®^ ' ^ ' 80 .90 ; H, 12.20%. 
IR : N 1780 and 1230 cm" (soiro-Y-lactone moioty). j/ max. 
M 
•"•H-NMR : d 2.38-2.42 (brm.J J7' ')^ 1.2 (CIO-CH3), 0.72 
(C13-CH^), 1.06, 0.9 and 0.8 (other methyl protons). 
MS : h/st 470 (13.25; C32H^402), 45b (4.75; ^^l^bl'^l'^' ^^ '^  
(7.25), 426 (12.35; C3j^H^40), 414 (0.725; O^gH^^O), 
411 (11.25), 410 (2.35), 399 (2.75), 398 (7.5b), 330 
(1.25), 329 (11.25), 514 (2.35), 302 (11.75), 301 
(1.15), 300 (2.30), 299 (1.15), 298 (0.57), 289 (6.90), 
288 (0.57), 286 (16.l), 285 (2.3), 284 (0.57), 283 
(1.15), 276 (0.57), 275 (0.57), 274 (4.6), 273 (6.9), 
272 (11.50), 271 (0.57), 270 (2.30), 26^ (1.15), 268 
(4.6), 264 (0.57), 263 (1.15), 262 (0.b7), ztl (0.57), 
260 (9.20), 259 (2.30), 258 (2.30), 257 (11.5), 256 
(6.90), 255 (4.60), 254 (9.20), 253 (1.15), 252 (l.lb), 
251 (1.15), 250 (0.57), 249 (0.57), 248 (2.30), 247 
(4.60), 246 (4.60), 245 (3.45), 244 (11.50), 243(4.60), 
242 (3.45), 241 (2.30), 240 (2.30), 239 (0.57), 233 
: 244 : 
(2.30), 232 (9.20), 231 
(4,60), 227 (3.45), 226 
(0.b7), 219 (4.60), 218 
(9.20), 212 (2.30), 211 
(0.57), 207 (0.57), 206 
(0.57), 202 (4.60), 201 
(2.30), 196 (2.30), 195 
(1.15), 191 (4.60), 190 
(1.15), 186 (0.57), 185 
(0.57), 181 (1.15), 180 
4.00), 230 
0.57), 225 
9.20), 217 
0.57), 210 
2.30), 205 
6.90), 200 
6.90), 194 
8.05), 189 
0.57), 184 
(6.90), 229 
(0.57), 224 
(4.60), 216 
(0.57), 209 
(3.45), 204 
(4.60), 199 
(0.57), 193 
(9.20), 188 
(1.15), 183 
(1.15), 178 
(6.90), 228 
(0.57), 223 
(4.60), 215 
(0.57), 208 
(3.45), 203 
(4.60), 197 
(2.30), 192 
(4.60), 187 
(0.57), 182 
(0.57), 176 1.15), 179 
(4.6), 174 (6.9), 173 (2.3), 172 (4.6), 170 (3.45), 169 (0.57), 
168 (1.15), 167 (1.15), 166 (0.57), 162 (9.2), 160 (25.30), 
159 (11.50), 158 (4.6), 157 (0.57), 156 (1.15), 154 (0.57), 
152 (0.57), 151 (6.9), 150 (9.2), 149 (18.4), 148 (29.90), 147 
(32.20), 146 (6.9), 145 (29.9), 144 (4.6), 143 (2.3), 142(1.15), 
141 (2.3), 140 (0.57), 137 (18.4), 136 (4.6), 135 (11.5), 134 
(2.3), 132 (4.o), 130 (4.6), 124 (11.5), 122 (23.Oj, 120(27.6), 
118 (27.6;, 117 (4.6), 116 (2.3), 114 (0.57J, 112 (2.3), 111 
(25.30), 110 (4.6), 109 (23.0), 108 (6.9), 107 (,23.0), 106 
(29.9), 105 (59.8), 104 (2.3), 102 (1.15), 101 ^0.57), 100(0.57), 
98 (,0.57), 97 (0.9), 96 (2.3), 95 (23.0), 93 (18.4), 92 (0.57), 
91 (18.4), 86 (1.15), 85 (0.57), 84 (1.15), 83 (6.9), 82 (2.3), 
81 (32.20), 80 (2.3), 79 (23.00), 78 (0.57), 77 (9.2), 71(18.4), 
69 (3.45), 68 (25.30), 67 (18.40), 66 (0.57), 65 (0.57), 58 
(0.57), 57 (55.2), 56 (11.5), 55 (48.30), 54 (0.57), 53 (4.6), 
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52 (0.57), 51 (0.57), 44 (1.15), 43 (100.OO), 42 (11.5), 41 
(50.6), 40 (50.6). 
3p-Chloro-6-nitrostiqmast-5--ene ( CLXXXII ) : 
To a well stirred mixture of 3^-chlorostigmast-5-ene (12 g) 
glacial acetic acid (80 ml) and nitric acid (25 ml, d,,1.52) at 
temperature below 20 was added sodium nitrite (3.0 g) graciually 
over a ;^ '=riod of 3 hrs. After the complete addition of sodium 
nitrite, the mixture was further stirred for about 1 hr.ice cold 
water (200 ml) was added and yellowish solid thus obtained was 
filtered and ?ir dried. The desired nitro compound was recry-
37 
stallized from methanol as needles (8.3 g), m.p. l09°(reporteo, 
m.p.llu°). 
3p-Chloro-5a-stiqmastan-6-one ( CLXX ) : 
To a solution of 3^-chloro-6-nitrostigmast-5-ene {iz g) in 
hot distilled glacial acetic acid (240 ml), zinc dust (24 g) 
was added gradually in small portions with shaking. The suspen-
sion was heated under reflux for 4 hrs and water (24 ml) was 
added at regular intervals during the course of the reaction. 
The hot solution was filtered to remove zinc dust ana the filtrate 
was cooled to room temperature and diluted with a large excess 
of ice cold water. The organic matter was extracted with ether, 
the ethereal solution was washed successively with water, soaium 
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bicarbonate solution i^%) and again with water and dried over 
anhydrous sodium sulphate. Evaporation of the solvent gave an 
oil which was crystallized from methanol to give the ketone 
37 
( CLXX ) (8.7 g), m.p. 78° (reported , m.p. 78^ ' ). 
Reaction of 3g-chloro-ba-stiqmastan-6-one ( CLXX ) with ethyl 
acrylate by Sml^ : 3p-Chloro-._ba-stigmastan-6-( spiroj-'^-hyoroxy-
6'^ -piQpanoic acid-Y-lactone (CLXXVI) 
A THF (5 ml) solution of di-iodomethane (1.13 g, 4.0 m mol) 
was added at room temperature to samarium metal powder (0.60 g, 
4.0 m mol). The mixture was then stirred at room temperature 
until the colour of the solution became deep green. A mixture 
of ethyl acrylate (0.20 g, 2.0 m mol), 3p-chloro-5a-stignastan-
6-one (1.0 g, 2.18 m mol) and t-butyl alcohol (0.14 g, 2.0 m mol) 
in THF (5 ml) was then added simultaneously at room temperature 
under similar reaction conditions as described earlier. After 
usual work up and removal of the solvent gave an oil which v;as 
chromatographed over silica gel (20 g) column. Elution with 
petroleum ether - ether (7:1) provided compound (0.638 g, 
mol) as non crystallizable oil (positive Beilstein test). 
Analysis found : C, 75.50; H, 11.24 
C32HPJ3O2CI requires : C, 75.50; H, 11.20%. 
•'•^  * ^ max. 1'^ ^^ ' 1225 (spiro-Y-lactone moiety) and 760 cm"-*-
(C-Cl). 
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^H-NMR : d 3 .78 (brm, C3a-H, VVl/2 = 16Hz, a x i a l ) , 2 . 3 8 - 2 . 4 0 
H 
(brm, 
/ 
0 - ^ - H >, ),1.2 (ClO-CH^), 0 .70 (C13-CH^), 0 . 9 
•H ^ J -i il 
0.8 (other methyl protons). 
MS : Mt 504/506 (13.75/4.50; C32H^302Cl), 489/491 (3.25/ 
1.10, C3J_H^Q02C1), 488/490 (7.25/2.56), 468 (13.25; 
^32"52°2''' ^^0/^^2 (3.25/1.08; C3^H^30C1), 448/450 
(3.15/1.07; C29H^90C1), 445/447 (3.35/1.11), 444/446 
(3.25/1.90), 433/435 (3.12/1.40), 432/434 (3.15/1.50), 
424 (11.45), 412 (11.50), 409 (13.25), 408 (9.75), 397 
(3.95), 396 (2.50), 363/365 (3.15/1.60), 336/338(11.25/ 
3.85), 327 (3.60), 326 (2.40), 323 (9.60), 300 (2.40), 
288 (4.80), 287 (6.00), 272 (1.20), 262 (1.20), 260 
(2.40), 257 (2.40), 255 (4.80), 254 (16.80), 252(1.20), 
248 (1.20), 247 (4.80), 246 (0.60), 244 (1.20), 240 
(1.20), 237 (1.20), 232 (1.20), 230 (1.20), 218(1.20), 
215 (2.40), 213 (3.60), 207 (3.60), 204 (2.40), 201 
(2.40), 199 (2.40), 192 (1.20), 188 (1.20), 187 (1.2C), 
186 (1.20), 164 (2.40), 162 (2.40), 161 (4.80), 160 
(2.40;, 159 (12.00), 157 (1.20), 151 (2.40), 149 
(3.60), 146 (4.80), 145 (6.00), 136 (2.40), 134(3.60), 
132 (7.20), 131 (4.80), 127 (43.20), 126 (l9.2C), 123 
(2.40), 120 (2.40), 111 (1.20), 109 (1.20), 106(3.60), 
104 (3.60), 97 (2.40), 94 (.7.20), 92 (1.20), 82(2.40), 
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80 (3.60;, 71 (1.20), 68 (1.20), 61 (24.00), 60 (3.60), 59 
(3.60), 57 (4.80), 55 (2.4), 45 (2.40), 44 (3.60), 43 (100.00), 
42 (26.15), 41 (86.15). 
3ti-Acetoxy-6-nitrocholestiqmast-5-ene ( CLXXXIII ) 
3p-Acetoxy-stigmast-5-ene (10.0 g) was covered with nitric 
acid (250 ml, d, 1.42) and sodium nitrite (8.0 g) was gradually 
added over a period of 1 hr with continous stirring. Slight 
cooling was also affected durinn the course of reaction ,ind sti-
rring was continued for nri-itional 1 hr. When The yellow spongy 
mass separated on the surface of the mixture it was diluted with 
cold water (200 ml) resulting a green coloured solution. The 
whole mass was extracted with ether. The ethereal solution was 
washed vdth water, sodium bicarbonate solution (5%) (until v^ ash-
ing was pink) and water and dried over sodium sulphate (anhydrous). 
Removal of the solvent provided the nitro compound as an oil 
which was crystallized from methanol (7.0 g), m.p. 78° 
37 
(reported , m.p.79° ). 
3^-Acetoxy-5a-stiqmastan-6-one ( CLXXI ) 
3^-Acetoxy-6-nitrocholest-5-ene (3 g) was oowdered and 
dissolved in glacial acetic acid (125 ml) by warming the mixture 
and zinc dust (6 g) was added in small portions with shakin.j. 
The suspension was heated under reflux for 4 hrs and water (6 ml) 
: 249 : 
was added now and then during the course of reaction. Tne 
hot solution was filtered to remove zinc, cooled to room 
temperature ana diluted with a large excess ice-cold water. 
The white precipitate thus obtained was taken in ether and the 
ethereal solution was washed successively with water, sodium 
bicarbondte solution (5%) ana again with water and dried over 
anhydrous sodium sulphate. Evaporation of the solvent gave an 
oil which was recrystallized from mpthanol to give ( CLXXI ) 
37 ^ 
(2.4 g), m.p. 121° (reported , m.p. 121-122 ) . 
Reaction of 3p-acetoxv-5a-stiqmastan-6-one ( CLXXI ) with ethyl 
acrylate by Sml„ : 3(3-Acetoxy-5a-stigmastan-6(spiroj-^-hyaioxy-
d^-propanoic acid-r-lactone (CLXXVII)! 
A THF (5 ml) solution of di-iodomethane (1.13 g, 4.C m mol) 
Was added at room temperature to samarium metal powoer (0.60 g, 
4.0 m mol). The mixture was then stirred at room temperature 
until the colour of the solution become deep green. A mixture 
of ethyl acrylate (0.20 g, 2.0 m mol)_^  3^-acetoxy-5a-stigmastan-
6-one (1.0 g, 2.17 m mol) and t-butyl alcohol (0/14 g, 2.0 m mol) 
in THF (5 ml) was then added simultaneously at room temperature 
under similar reaction conditions as described earlier. After 
usual work up and evaporation of the solvent provided an oil 
which was chromatographed over silica gel (20 g) column. Elution 
with petroleum ether - ether (4:1) afforded a solid compound which 
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was r e c r y s t a l l i z e d from methanol t o 
1.07m mol) , m.p . 93 , 
\''' e J compound(0,b68 g, 
Ana lys i s found 
^34^56^4 r e q u i r e s 
: C, 76.63; H, 11.35 
: C, 76.60; H, 11.3C%. 
-1 IR : \ 1780, 1735 and 1230 cm" (spiro-Y-lactone 
>/max. Q 
liety, CHTS-0-). mo: 
•"H-NMR 
'^lS 
a 4.8 (brm, C3a-H, Wl/2 = 16Hz, axial), 2.40-2.45 
H 
\ o n rnu^ Ji-o-), 1.; (brm. ). 2.0 (CH3 ,2 (CIO-CH3;, 
0.75 (C13-CH ), 0.91 and 0.80.(other methyl protons) 
M: 528 (not observed, C^^H^QO^), 513 (11.25; C3^H^^0^), 
512 (7.25), 468 (3.25), 424 (3.24), 418 (1.75), 412 
(12.57), 409 (13.27), 396 (11.35), 383 (2.57), 362 
(2.50), 360 (4.56), 357 (3.60), 351 (1.20), 301(1.20), 
292 (1.20), 264 (1.20), 262 (O.6O), 261 (O.6O), 252 
(1.20), 247 (2.40), 245 (3.6), 244 (4.8), 243 (3.6), 
242 (1.2), 237 (3.6), 231 (4.8), 230 (6.0J, 229(24.00), 
228 (0.60), 227 (0.60), 217 (1.2), 216 (1.2), 215 
(3.6), 214 (0.60), 213 (2.5), 212 (1.2), 211 (12.C), 
205 (0.60), 203 (0,60), 201 (2.4), 189 (O.6O), 188 
(0.60), 187 (1.2), 186 (1.2), 183 (1.2), 182 (O.6O), 
181 (9.6), 179 (0.60), 177 (2.4), 176 (2.4), 175(4.8), 
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174 (1.2), 173 (0.60), 171 (1.2), 167 (0.60), 166 (2.4), 161 
(4.8), 160 (2.4), 159 (2.4), 158 (2.4), 157 (1.2), 156 (0.60), 
155 (0.60), 153 (1.2), 152 (2.4), 150 (3.6), 149 (16.80), 148 
(1.2), 147 (4.8), 146 (0.60), 145 (4.8), 144 (1.2), 143 (2.4), 
141 (1.2), 140 (0.60), 138 (O.6OO), 136 (7.2), 134 (4.8), 133 
(7.2), 131 (4,8), 129 (O.6O), 123 (12.00), 122 (19.2), 121 
(36.00), 120 (7.2), 119 (12.OO), 118 (12.00), 117 (2.4), 111 
(4.8), 109 (29.2), 108 (19.2), 107 (38.4), 106 (4.8), 105(24.00), 
97 (2.4), 96 (2.4), 95 (38.40), 94 (19.2), 93 (24.00), 92 (1.2), 
91 (12.00), 85 (1.2), 84 (1.2), 83 (7.2), 82 (2.4), 81 (24.00), 
80 (4.8), 79 (19.2), 78 (1.2), 77 (4.8), 71 (9.6), 70 (2.4), 69 
(19.20), 68 (9.6), 67 (16.8), 66 (1.2), 57 (28.8), 56 (4.8), 55 
(29.2), 54 (1.2), 53 (2.4), 51 (1.2), 45 (2.4), 44 (2.4), 43 
(100.00), 42 (2.4), 41 (28.8). 
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CDi)i)[p)[t(i[r - \^@mr 
SYNTHESES OF 
STEROIDAL THIAZOLES 
tirjeoretical 
The five membered doubly unsaturated heterocyclic system 
containing one nitrogen and one sulphur atom is called thiazole. 
There are two possible heterocyclic rings (l) and (II), contain-
ing three carbon atoms, one sulphur atom and one nitrogen atom. 
The compounds containing sulphur and nitrogen at 1,2 positions 
are known as isothiazole. Isothiazole (l) has been studied 
very little and relatively few compounds containing this system 
are known. The thiazole (II) containing sulphur and nitrogen 
at 1,3 positions has been studied extensively and many compounds 
containing this heterocyclic system are of industrial and bio-
logical importance. 
'N 
k N 
( I ) ( II ) 
The dihydrothiazoles (III) and (IV) are designated as thia-
zolines. Tetrahydrothiazole or thiazolidone (V) constitutes 
a well known and important class of compounds. Many polycyclic 
and fused ring systems containing the thiazole nucleus are also 
known. 
( III ) 
o 
1 
( IV ) 
V 
( V ) 
: 257 : 
The history of thiazoles series- beyin in 187V with 
the work of Hofmann who prepared derivatives of benzothiazole, 
such as 2-chlorobenzothia2ole and 2-phenylbenzothiazole. 
Compounds containing the simple thiazole nucleus were first 
2 
reported by Hantzch and coworkers in the series of papers 
begining in 1887, After this pioneer work, knowledge of the 
thiazole system developed steadily and many discoveries of 
commercial and biological interest gave impetus to the study. 
In 1888, Green described a yellow substance (primuline base) 
and dihydrothio-p-toluidine that were obtained by fusion of 
p-toludine with sulphur. These substances were immediately 
recognised as benzothiazole derivatives and many related compounds 
4 
were prepared. The investigations by Bogert and Collaborators , 
which greatly extended this field, were reported in a series of 
paper begining in 1922. Also in 1922 Mill recognized the value 
of cyanine dyes containing thiazole ring as photographic sensi-
tizers. At about the same time 2-mercaptobenzothiazole was 
developed as rubber vulcanization accelerator and many related 
compounds were investigated . Thus the early study of thiazole 
chemistry came from the practical importance of the benzothia-
zoles. Williams and coworkers demonstrated the existence of 
the simple thiazole ring in vitamin B (thiamine) . Shortly 
thereafter, the development of the sulpha drugs led to the use-
fulness of sulphathiazole (2-sulphanilamidothiazole) and several 
of its derivatives as chemotherapeutic agents for the treatment 
8—10 
of bacterial infection 
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8—10 Miolati and Levi reported the preparation of 4-methyl 
4-ethyl, 4-carbethoxymethyl-l-, 4-phenyl-2-inercaptothiazoles 
( Vllla-d ) by the condensation of the corresponding halomethyl 
ketones ( Vla-d ) with ammonium dithiocarbamate ( VII ). 
RCOCH^Cl + NH2-CSNH4 -> R — 
R 
( VII ) 
( via ) 
( VIb ) 
( VIc ) 
( VId ) 
CH3 
^2^5 
CH2COOC2H^ 
Ph 
N 
-SH 
R 
( Villa ) CH, 
( Vlllb ) C2Hp^  
( VIIIc ) Ca^COOC^Hp, 
( Vllld ) Ph 
2-Methylthio-4-methylthia2ole ( IX ) was prepared by the 
11 12 
reaction of chloroacetone with dithiocarbamate ( VII ) * 
g CH3-C-CH2CI + NH2-C-S-CH3 , y . 
( via ) ( VII ) ( IX ) 
13 Singh et al. reported the reaction of u-(6-methyl-4-
pyridinylthio) acetophenone ( X ) and 2--(6-methyl-4-pyrimidi-
nylthio) cyclohexanone ( XI ) with aqueous HCl/HClO^ or POCI3 
followed by hydrolysis provided l-(4-aryl-2-thiazolyl)-2-propane 
( XII ) and 4,5,6,7-tetrahydro-2-acetonyl benzothiazole ( XIII ), 
respectively. 
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0 
HCI/HCIO /P(X1 
A 
^ 
^6^5 
( ^ 
( X ) ( XII ) 
( XI ) 
14 
( XIII ) 
Meakins et al. reported that reaction between N-benzoyl-
N'-methyl-N*-phenylthiourea ( XIV ) and chloroacetone ( Via ) 
gave 5-benzoyl-4-methyl-2-(N-methyl-N-phenylamino) thiazole 
( XV ). 
L Ph-C-NH Ph 
iH. 
CH3-C-CH2CI 
NEt, 
( XIV ) 
( XV ) 
The reactions of dithiocyanates ( XVI-XVIII ) with p-metho-
xyaniline ( XIX ) in hot benzene afforded the dihydrothiazoles 
( XX-XII ) 15 
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R-
SCN 
NCS f^2 
( XVI ) 
( XVII ) 
( XVIII ) 
H 
CH, 
h 
H 
H 
CH, 
( XIX ) ( XX ) 
( XXI ) 
( XXII ) 
H H 
H 
Condensa t ion of 6-ace tYl-7-methoxy~2,2-d imethylchroman, 
6 - a c e t y l - 7 - m e t h o x y - 2 , 2 , 8 - t r i m e t h y l c h r o m a n and 3 , 4 , 9 , 1 0 - t e t r a -
h y d r o - 2 , 2 , 8 , 8 - t e t r a m e t h y l ~ 2 H , 8 H - b e n z o [ 1 , 2 - b : 3 , 4 - b J d i p y r a n 
( XXIII-XXV ) wi th t h i o u r e a in presence of i o d i n e afforded 
co r re spond ing 2 - a m i n o t h i a z o l e d e r i v a t i v e s ( XXVI-XXVII } 
r e s p e c t i v e l y . 
OCH3 H2N-B-NH2 
U I Q^ Iodine 
( XXIII ) 
( XXIV ) 
I f 
t I - ^ 
( XXVII ) 
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( XXV ) ( XXVIII ) 
a-Bromo-a,p-dihydrochalcone derivatives ( XXIX-XXXI ) on 
condensation with thiourea afforded 2-amino-4-aryl-5-aryl-
methylthiazole derivatives ( XXXII-XXXIV ) ' ^ ^ , 
2 6 4 
H^ N-C-NH, 
"3CC>-(0) 
RHX, 
( XXXII ) 
( XXXIII ) 
( XXXIV ) 
R 
P-CH3 
H 
p-OCH, 
Condensation of 2-chlorocyclohexanone ( XXXV ) with sub-
stituted thioamides ( XXXVIa-g ) in hot ethanol gave 2-substi-
tuted 4,5,6,7-tetrahydrobenzothiazole derivatives ( XXXVIIa-g ) 
[a,p-NO^C.H.NH-, b,C.H^ -CH^ NH-, c, -Cl-2-CH^-C.H,NH-, d,2-Cl-4-
18 
'2''6 4 '6"5^ "2 6" 3' 
CH3-C^H3NH-, e, 4-Br-2-CH3-C^H3-NH--, f, 2-Br~4-CH3-C^H3NH-; 
g, 2-Cl-2,4-(0CH3)2-C^H2NH-). 
: 262 : 
'"""""' •'=i°""' CKK 
(XXXV) (XXXVIa-g) (XXXVIIa-g) 
The condensa t ion of a-bromoketones ( XXXVIIIa-e ) wi th 
N-methyl t h i o u r e a ( XXXIX ) in n e u t r a l s o l v e n t afforded exclu-
s i v e l y 2 - N - m e t h y l a m i n o - ( 4 - s u b s t i t u t e d ) t h i a z o l e s ( XLa-e ) 
[a , R = Me; b , P r l , c , But ; d, Ph; e, 4-C^H^F). 
^ r ^NHCH3 ^ ^ " - ^ " 
(XXXVIIIa-e) (XXXIX) (XLa-e) 
When benzoyl isothiocyanate ( XLII ) was allowed to regct 
with aminoacetonitrile ( XLI ) under mild conditions^a-thio-
uriedo-nitrile ( XLIII ) Was obtained, which on treatment with 
nitrous acid gave 5-amino-2-benzamidothiazole ( XLIV ) . 
NH2 
CHo-CN 
1 ^ 
( XLI ) 
+ 
( 
1 
N 
II C 
II 
s 
•Ph 
XLII) 
? 
CH2-C=N 
NH 
C-NH-C-Ph 
\\ II 
S 0 
( XLIII ) 
kN 
NH-p-Ph 
( XLIV ) 
: 263 : 
21 
a-Bromo methylacetate ( XLVI ) condensed with etnoxy-
thiocarbonylcyanamide salt ( XLV ) to form 4--amino-2-ethoxy-
5-methoxycarbonylthia2ole ( XLVII ). 
C^H^O^ 
KS 
( XLV ) 
X C=N-CsN 
HoN 
, ^ 
BrCH2COOCH3 
( XLVI ) 
OC2H5 
OCH-
( XLVII ) 
In a similar manner, l,3-dichloro-2-propanone ( XLVIII ) 
reacted with 2-equivalent of ethoxythiocarbonyl cyanamide salt 
( XLV ) to give the bis(4-amino-2-ethoxy-5-thiazolyl) ketone 
( XLIX ) 21 
G. 
C=N + 
KS 
CH2CI 
c=o 
iH2Cl 
Et3N 
C2H5O 
( XLV ) ( XLVIII ) 
2"5 
a-Bromoacetophenone ( XXXVIIIa ) readily reacted with 
potassium [ethoxy(thiocarbonyl)] cyanamide ( XLV ) to provide 
an open chain intermediate ( L ) which was converted into 
22 4-amino-5--benzoyl-2-ethoxythiazole ( LI ) in high yield by 
treatment with a triethylamine at room temperature. 
: 264 : 
C=N + C=0 
/ I 
KS C k D 6 Br 
N 
( XLV ) ( XXXVIIIa ) 
N=C-N 
s 
( L ) 
°=2"5 
"^ \A3X«:2H,^  
Triethylamine 
0 
( LI ) 
The reaction of aldehydes ( LII ) ana o-aminothiophenol 
( LIII ) yielded either 2,3-dihydrobenzothiazoles ( LIV ) or 
benzothiazoles ( LV ) depending upon the aldehyde and the thio-
phenol employed. The reaction of 2-amino-4-chlorothiophenol 
with various aldehydes and ketones have been studies extensi-
vely 23,24 
(LII) (LIII) 
-^ 
. ^ ^ 
( LV ) 
: 265 : 
The r e a c t i o n of t h i o u r e a on 2-bromo-i3-hydroxyvinyl a r y l 
ke tones ( LVIa-e ) a f forded 2 - a m i n o - 5 - a r o y l t h i a z o l e s ( LVIIa-e) 
[a , R=H; b , CI , c, Br; d, CH3; e, OCH3J. 
25 
S 
II 
N-C-NH2 
\ z y C2H5OH 
(LVIa-e) (LVIIa-e) ""2 
Condensat ion of e t h y l - 2 - ( p - b r o m o a c e t y l p h e n o x y ) - p r o p i o n a t e 
( LVIII ) wi th t h i o a c e t a m i d e ( LIX ) y i e l d e d e t h y l - 2 [ p - ( 2 - m e t h y l -
4 - t h i a z o l y l ) p h e n o x y ] - p r o p i o n a t e ( LX ) which on a c i d i c h y d r o l y s i s 
gene ra t ed 2 [ p - ( 2 - n i e t h y l - 4 - t h i a z o l y l ) p h e n o x y ] - p r o p i o n i c ac id 
( LXI ) 2 ^ . 
C0CH2Br 
OCH 
I 
CH' 
( LVIII ) 
-C-O-C2H5 
CH3-C-NH2 
( LIX ) 
H3C-HC-O-/0y 
COOH ^ ^ 
CH3 
C2H5O2C-HC-O—/ O / 
^S^"CH, 
( LX ) 
20% H2S0^ 
( DCI ) 
: 266 : 
Cyclocondensa t ion of 2 , 3 - d i c h l o r o - l , 4 - n a p t h o q u i n o n e 
( LXII ) wi th t h i o u r e a and t h i o a c e t a m i d e gave naptho [ 2 , 3 - d ] 
t h i a z o l e - 4 , 9 - d i o n e s ( LXIVa-b ) v i a i n t e r m e d i a t e 2 - t h i o m i d o - 3 -
c h l o r o - l , 4 - n a p h t h o q u i n o n e s ( LXXIIa,b )^^ [ a , R=NH2; b = CH3)] . 
( LXII ) (LXIVa-b) (LXIIIa~b) 
Add i t i on of H^S t o p i p e r i d i n e c a r b o n i t r i l e ( LXV ) gave 
t h e th ioca rboxamide ( LXVI ) which was cyclocondensed with a-
bromoacetophenone ( LXVII ) t o g ive p ( 2 - p h e n y l t h i a 2 o l y l ) N - m e t h y l 
28 p i p e r i d i n e ( LXVIII ) , which was p o t e n t i a l b a c t e r i c i d e and 
a n a l g e s i c . 
H-
\ 
CN 
H2S 
HH3C—N B -NH, 
( LXV ) 
H3C-
( LXVI ) 
+ 
J-c Ph-C-CHg-Br 
( LXVII ) 
S 
Ph 
( LXVIII ) 
: 267 
Thermal c y c l i z a t i o n of N-penhy l th iou rea ( LXIX ) in 
s u l p h u r i c a c i d i n t h e p re sence of sodium bromide provided 
29 2 -aminobenzo th iazo le ( LXX ) . 
/T^V H2SO4 
< LXIX ) ( LXX ) 
p-Acetamido-cj-chloroacetophenone ( LXXI ) was c y c l i z e d 
wi th N-pheny l th iou rea t o g ive p - ( 2 - N - p h e n y l a m i n o - 4 - t h i a z o l y l ) 
a n i l i n e ( LXXII ) ^ ° . 
S y 
3 N 
I 
P 
( DCXI ) ( LXXxi ) 
During the last few years a large number of steroidal thia-
zoles h^ve been synthesized by different routes. When a mixture 
of o-toluidine-hydrochloride and 2a-thiocyanato-17a-methylandro-
stan-3-on-17^-ol ( LXXIII ) in ethanol was refluxed with ethyl 
acetate provided 17a-methyl-17^-hydroxyandrostano-[3,2-d]-2',3'-
disubstituted thiazolines ( LXXIVa-c )^-'-. 
NCS. 
( LXXIII ) 
HN^N-^^"^^^ 
( LXXIVa ) 
: 268 : 
R 
0 - T o l y l 
( DCXIVb ) 0-C^H40CH3 
Cyclocondensa t ion of t h e a-bromosolasodane ( LXXV } with 
t h i o u r e a gave 2 ' - a m i n o t h i a z o l o [ 3 , 2 - d j so l a sodane ( LXXVI ) . 
( LXXV ) ( LXXVI ) 
When 3p-acetoxy~5a-androstan-l6a~bromo-17-one ( LXXVII ) 
treated with thiourea provided 3^-acetoxy-ba-androstano[l7,16-d] 
2'-aminothiazole ( LXXVIII ) 33 
: 269 : 
Br 
H2N-C-NH2 
DMF 
AcO 
( LXXVII ) ( LXXVIII ) 
Similar treatment of 17p-acetoxy-2a~bromo-5a-androstan-3-
one ( LXXIX ) and 2a-bromo-5a-cholestan-3--one ( LXXX ) with 
thiourea in isopropyl alcohol provided 17p-acetoxy-5a-androstano 
[3,2-d]2'-aminothiazole ( LXXXI ) and 5a-cholestano[3,2-d]2'-
33 
aminothiazole ( LXXXII ) , respectively. 
S 
H2N-H-NH2 
(CH3)2COOH 
R 
( LXXIX ) 
( LXXX ) 
OAc 
CgHj_y 
( LXXXI ) 
( LXXXII ) 
OAc 
^8^17 
Treatment of the epiminopregnenonehydrazone ( LXXXIII ) 
with thioacetic acid gave the pregnenothiazoline ( LXXXIV ) 
and the hydrazone ( LXXXV ) 34 
: 270 : 
CH-
NHNCO2C2H5 
-NH 
CH3COSH 
( LXXXIII ) 
NNHCO2C2H5 
( LXXXIV ) 
1 ^ 
C=NNHC02C2Hp, 
-- NHAc 
( LXXXV ) 
35 Cyclocondensa t ion of 2a-bromodihyclrodiosgenone ( LXXXVI } 
with benza th iosemicarbazone ( LXXXVII ) gave 2 ' - s u b s t i t u t e d 
t h i a z o l o [ 4 , 5 - d ] d i o s g e n i n ( LXXXVIII ) ^ ^ . 
( LXXXVI ) ( LXXXVII ) 
N=CH 
Ph 
( LXXXVIII ) 
: 271 : 
3p~Methoxy-5-pregnen-20(2l)-en-20-ol silyl trimethyl ether 
( LXXXIX ) was oxidised by N-methylmorpholine N-oxide monohydrate 
and OsO. to give the hydroxyketone ( XC ) which underwent methyla-
tion and bromination to give ( XCI ). Hantzsch reaction of the 
( XCI ) with ethyl thioxamate gave 17p-[4'-(2*-ethoxy-carbonyl-
l',3'-thiazolyl)]-3^-hydroxy-5-androstane ( XCII ) which was 
converted to 17p-[4'-(2'-ethoxycarbonyl-l',3'-thiazolyl)]~3p-
hydroxy-5-androstene-3-carboxypropanoate ( XCIII ) 
f2 
C-OSiMe 
( LXXXIX ) ( XC ) OH 
( XCI ) Br 
( XCII ) H 
(XCIII ) CO2C2H4 
COOH 
R I I 
CO2C2H5 
Reaction of 7a-bromo-6-oxo-5a-cholestane ( XCIV ), its 
3p-chloro ( XCV ) and 3p-acetoxy ( XCVI ) analogues with thio-
urea afforded 2*-amino-5a-cholest-6-eno[6,7-d]thiazole ( XCVII ) 
its 3^-chloro ( XCVIII ) and 3p-acetoxy ( XCIX ) analogues 
37 
respectively 
: 272 : 
HoN-C-NH. 
( XCIV ) 
( xcv ) 
( XCVI ) 
H 
CI 
OAc 
( XCVII ) H 
( XCVIII ) CI 
( XCIX ) OAc 
2 ' -Methyl-5a-choles t -6-eno[6,7-c l ] th iazole ( CIII ) i t s 
3p-chloro ( CIV ) and 3P-acetoxy ( CV ) analogues were obtained 
by the r eac t ion of r e spec t ive s t e ro ida l bromoketones ( C-CII ) 
with thioacetamide 38 
( c ; 
( ci ) 
( CXI ) 
^8^17 
H2N-C-CH3 
E 
H 
CI 
OAc 
: 273 : 
39 V.K. Ahluwalia et al. reported that 2-thiobarbituric 
acid ( CVI ) on reaction with N-bromosuccinimide, benzoyl-
peroxide and thiourea at reflux temperature in benzene gave 
5-amino-l,2,3,7-tetrahydro-7, oxo-2-thioxothiazolo[4,5-d]-
pyrimidine ( CVII ). Similar condensation of 1,3-diarylthio-
barbituric acids ( CVIII-CXII ) afforded 1,S-diaryl-b-amino-l, 
2,3,7-tetrahydro-7-oxo-2-thiooxothiazolo[4,5-dJ-pyrimidines 
( CXIII-CXVII ). 
R 
s 
0 
H 
( CVII ) H 
( CXIII) H 
( CXIV ) 
R ' 
S 
0 
( CX ) -H(0)-^^"3 S 
( CXI ) _ ^ S 
( CXII ) 
- # -
CH. 
( CXV ) -<0V^"-H3 s 
H3<^-^ 
( CXVI )-/0) S 
( CXVII ) :H., S 
Mi^mMon 
The non steroidal substituted thiazoles have been reported 
32 to possess biological activities such as antimicrobial , anti-
40 41 42 43 
histaminic , fungicidal , antibacterial ' and antiinflamma-
44 4b 
tory * . Motivated by these biological and therapeutic proper-
ties of thiazole derivatives, an attempt has been made to synthe-
size these steroidal thiazoles. Different investigators use 
different routes to synthesize steroidal thiazoles. Most commonly 
it was synthesized by the reaction of a-bromoketones with thio-
urea and thioacetamide. 
In the present stucy an attempt has been made to synthesize 
steroidal thiazoles ( CXXI-CXXVI ) from easily accessible steroi-
dal hydroxy ketones ( CXVIII-CXX ) with the reaction of thiourea, 
and thioacetamide in the presence of N-bromosuccinamide (NBS) 
and benzoylperoxide. 
H HO o' 
(CXVIII) OH 
(CXIX) OAc 
(CXX) CI 
CgHj^ y 
J-c i.u^ -li-NH7!JH2-fc-CH3 
f £ > 
NBS, Benzoylperoxide 
Benzene, ^ 
(CXXI) 
(CXXII) 
(CXXIII) 
(CXX IV) 
(CXXV) 
(CXXVI) 
^8^17 
rto\ / 
N-
R 
OH NH^ 
OAc NH, 
CI 
OH 
NH. 
CH, 
OAc CH. 
CI CH. 
: 275 : 
REACTION OF HYDROXY KETONES WITH THIOUREA 
Reaction of 30.5~ciihydroxy-5a-cholestan~6-one ( CXVIII ) with 
thiourea. NBS and benzoylperoxide (catalytic amount) 
A mixture of 3^,5-dihydroxy-5a-cholestan-6-one ( CXVIII ) 
and NBS was refluxed with thiourea and benzoylperoxide in benzene 
at room temp, for 8 hrs. The solvent was distilled off under 
reduced pressure and the residue was treated with crushed ice 
and extracted with ether. The ethereal layer was washed with 
water, potassium carbonate solution (5%) and again with water. 
The removal of the solvent gave an oily product which was chro-
matographed over silica gel column to afford a compound, as 
semisolid. 
CQHU 
( CXVIII ) 
HoN-C-NH2/NBS 
Benzoylperoxide 
Benzene H 
( CXX ) 
: 276 : 
Characterization of the compound, semisolid as 3g.5-dlhydroxy~ 
2*-amino-5a--cholest--6--eno[6,7~d]thiazole ( CXX ) : 
The elemental analysis of the compound, semisolid corres-
ponded to the molecular formula C2QH4^N202S, The IR spectrum 
of the compound exhibited bands at 3400 (OH), 3255, 3160 (NH2), 
1630 (C=C), 1600, 1520 (C=N), 1455, 1375 (C-N) and 660 cm'-^  
/ \ 4 5 
(C-S;. These values suggest the presence of thiazole moiety 
fused with steroidal nucleus. The H-NMR spectrum of the 
compound displayed two broad singlets at d 4.75 and 3.41 (ex-
changeable with deuterium ) and were assigned to NH„, 
C5a-ai and CSp-OH respectively. A multiplet appeared at d 4.48 
46 
(WI/2 = 17Hz, axial) integrating for one proton and was assigned 
to C3a-H. Methyl protons were observed at d 1.2 (ClO-CH^), 
0.72 (CI3-CH3), 0.91 and 0.81,(other methyl protons). The mass 
spectrum of the compound ( CXX ) gave molecular ion peak at 
M. 474 (C23H4^N202S) followed by significant ion peaks at m/z 
459, 456, 438, 414, 361, 252, 234 and other fragment ion peaks. 
The tentative mechanism for the formation of some of the 
salient fragment ions has been shown in scheme-1. 
Scheme-l 
: 277 : 
m/z 361 ^ 
-CsHiT 
m/z 234 
m/z 459 
m/z 414 
Reaction of 33-acetoxv-5-hvdroxy-5a-cholestan-6-one ( CXIX ) 
with thiourea NBS and benzoylperoxide (catalytic amount ); 
A mixture of 3/3-acetoxy-5-hydroxy-5a-cholestan-6-one 
( CXIX ) and NBS when refluxed with thiourea and benzoylper-
oxide (catalytic amount) under the conditions as described 
earlier. The reaction mixture after usual work up and column 
chromatographic separation afforded, the compound, m.p. 205°. 
: 278 : 
CgHj_y 
? 
NH2-C-NH2/NBS 
Benzoylperoxide 
Benzene ^^^ 
( CXIX ) 
-^ 
( cxxii ; 
Characterization of the compound, m.p. 205 as 3^-acetoxv-b-
hvdroxv-2*--amino-5a--cholest-6-eno[6.7-d]thiazole ( CXXII ) : 
The compound, m.p. 205 was analysed correctly for 
C^QH.gN^OgS. The IR spectrum of the compound showed weak 
absorption bands at 3450, 3300, 3150 cm" and strong absorp-
tion bands at 1730, 1265 cm" which are due to the presence 
of NH2, OH and acetate groups. Other bands observed at 1630 
(C=C), 1525 (C=N), 1460, 1375 (C-N) and 665 cm"-*" (C-S) . These 
45 
values indicate the presence of thiazole moiety in the steroid 
nucleus. The H-NMR spectrum of the compound displayed a broad 
46 
multiplet at d 5.01 (Wl/2 = 18Hz, axial) integrating for one 
proton and was assigned to C3a-H. Two broad si-nelets . r co d 
at d 4.92 and d 3.42 (exchangeable with deuterium) integrating 
for one proton and two protons ..^ach wery assiqned 'o « j^-oti 
and NH2 respectively. 
A singlet appeared at d 2.05 integrating for three protons 
was due to acetate methyl. Angular and side chain methyl protons 
: 279 : 
were observed at d 1,2 (CIO-CH3), 0.78 (CI3-CH3) and 0.91 and 
0.81. These values suggested the structure of the compound, m.p. 
205° as 3p-acetoxy-5-hydroxy-2*-ainino-5a-cholest-6-eno[6,7-d] 
thiaEole ( CXXII ). This structure was further supported by mass 
bp.ctral stuaibS.The mass spectrum of the compound ( CXXII ) gave 
the intense molecular ion peak at ut 516 (C3QH4gN202S) followed 
by other important peaks at m/z 501, 474, 456, 438, 414, 
403, 396, 234, 216 and 192 and lower mass peaks. The fragment 
ation path way of important fragment ions has' been rationalized 
according to scheme-2. 
Scheme-2 
m/z 403 -CsHl? 
AcO 
N W 
45H3 c^xxii; \ H ^ 
Mt 516 
-AcOH 
NH2 
m/z 456 
m/z 294 m/z 438 
> 498 m/z 
m/z 414 
: 280 : 
Reaction of 3g--chloro-5-hydroxy-5a-cholestan-6--one C CXX ) 
with thiourea, NBS and benzoylperoxide (catalytic amount ) : 
A mixture of 3p-chloro-5-hydroxy-5a-cholestan-6-one 
( CXX ) and NBS when refluxed with thiourea and benzoylperoxide 
(catalytic amount) under the conditions as mentioned earlier. 
After the usual work up and column chromatographic separation 
.ne reaction mixture afforded a compound as an oil. 
( CXX ) 
CsHiy 
J-NH2-C NH2/NBS 
Benzoylperoxide 
Benzene 
( CXXIII ) 
Characterization of the oily compound as 3^-chloro--5-hydroxy-
2*-amino~5a--cholest-6-enor6.7-dlthiazole ( CXXIII ) : 
The oily compound was analysed correctly for C^gH^^ClN^OS 
: 281 : 
(positive Beilstein test). The IR spectrum of the compound 
exhibited bands at 3430, 3300, 3150 (NH2, OH), 1638 (C=C), 
1530 (C=N), 1470, 1380 (C-N) and 655 cm"-"- (C-S). These values 
suggest the presence of thiazole moiety on steroid nucleus and 
780 cm" for (C-Cl). The H-NMR spectrum of the compound 
exhibited two broad singlets centred at d 4.71 and 3.41 (exchange-
able with deuterium) integrating for two protons and one proton 
each assigned to -NH„ and C5a-0H. A multiplet was observed at 
d 4.03 (WI/2 = 17Hz, axial) for one proton and was assigned 
to C3a-H. Angular and side chain methyl protons were observed 
at d 1.2 (CIO-CH3), 0.75 (CI3-CH3), 0.9 and 0.8 (other methyl 
protons). These values suggested the compound to be 3j3-chloro-
5-hydroxy-2'-amino-5a-cholest-6-eno[6,7-dJthiazole. This 
structure was further supported by its mass spectral studies. 
The mass spectrum of thiazole ( CXXIII ) gave the molecular ion 
peak at Mt 492/494 (C2QH^P^C1N20S) , followed by other significant 
fragment ion peaks at m/z 477/479, 474/4''^ 6, 4:jo, 43S, 4^2/434, 
414, 396, 379/381, 234, 216, 192 and other lower mass peaks . 
The formation of the some of the fragment ions has been rationali-
zed according to the scheme-3. 
: 282 : 
Scheme-3 
m /z 379/381 4r > m/z 474/47 
"^"3 (CXXIII) Mt 492/494 
-H NCN 
2 
m 
/z 477/479 
-HCl m /z 432/434 
•^16^30 
HU \ / 
-H^NCN 
sK 
2 
m/z 216 
H6 , / 
m/z 456 NH, 
-H^NCN 
m/z 192 
HO \^+ 
m/z 414 * 
-H2O 
-H,0 
m/z 438 
m /z 39f^  
: 283 : 
REACTION OF HYDROXY KETOhES WITH THIOACETAMIDE 
Reaction of 3B. 5-dihydroxv-5a-cholestan~6--one ( CXVIII ) with 
thioacetamide. NBS and benzoylperoxide (catalytic amount ) : 
A mixture of 3^,5-dihydroxy-5a-cholestan-6-one ( OTN/III ) 
and NBS was refluxed with thioacetamide and benzoylperoxide 
(catalytic amount) in benzene at room temperature for 8 hrs. 
The solvent was distilled off under reduced pressure and the 
residue treated with crushed ice and extracted with ether. 
The ethereal layer was washed with water, potassium carbonate 
solution (5%) and again with water. The removal of the solvent 
gave an oily residue which was chromatographed over silica gel 
column to afforded a compound as an oil. 
^8^17 
NH2-C-CH3/NBS 
Benzoylperoxide 
Benzene 
HO \ / 
CH, 
( CXVIII ) ( CXXIV } 
: 284 ; 
Characterization of the oily compound as 3g-5-ciihvciroxv-2*-
methyl-5a-cholest~6-eno[6.7-d1thiazole ( CXXIV ) : 
The oily compound was analysed correctly for.C^gH^yN O S . 
The IR spectrum of the compound exhibited bands at 3400 cm 
for -OH absorption. Other absorption bands at 1630 (C=C), 1530 
3bs< 
45 
(C=N), 1470, 1380 (C-N) and 655 cm" (C-S) were o erved due to 
the presence of thiazole moiety on steroid nucleus. The H-NMR 
spectrum of the compound exhibited a multiplet at d 4.48 (Wl/2= 
46 
IBHz) integrating for one proton and was assigned to C3a-H. 
A singlet at d 3.21 integrating for two protons was observed 
for C3p-0H and C5ct-0H (exchangeable with deuterium). A singlet 
at 6 2.51 integrating for three protons was assigned to -N^C-CH^-
Angular and side chain methyl protons were observed at d 1.2 
(CIO-CH3), 0.75 (CI3-CH3), 0.9 and 0.8. On the basis of above 
discussion the structure of the oily compound was assigned as 
3^,5-dihydroxy-2'-methyl-5a-cholest-6-eno[6,7-d]thiazole 
( CXXIV ). This structure was further supported by its mass 
spectral studies. The mass spectrum of thiazole ( CXXIV ) gave 
the molecular ion peak at wt 473 (C^gH^^N O S ) followed by 
other significant peaks at m/z 458, 455, 437, 421, 403, 395, 
360 and other lower mass fragment ion peaks. The tentative 
mechanism for the formation of some of the salipnt fragment ions 
has been shown in scheme-4. 
Scheme-4 
: 285 : 
m/z 360 <r 
-CgHj^ y 
m/z 403 4 
/x.. 
(CXXIV) 
HO ^^ St 
m/z 427 
^ m/z 458 
> m/z 437 
HoCCN 
m/z 455 
m /z 395 <-
Reaction of 3g-acetoxv-5-hydroxv-5a-cholestan-6-one ( CXIX ) 
with thioacetamlde. NBS and benzovlperoxide (catalytic amount) 
A mixture of 3P-acetoxy-5-hydroxy-5a--cholestan-6-one 
C CXIX ) and NBS was refluxed with thioacetamide and benzoyl 
peroxide (catalytic amount) in benzene for 8 hrs. Reaction 
mixture after usual workup and column chromatographic separa-
tion afforded, the compound, m.p, 178°. 
: 286 : 
AcO" I 
H H6 0 
NH2-C-CH3/NBS 
Benzoylperoxide 
Benzene AcO 
/X. 
( cxix ; ( cxxv ) 
Characterization of the compound, m.p. 178 as 3g-acetoxv-5-
hvdroxv-5a-cholest-6--enoL6.7-d1-2*-methyl thiazole ( CXXV ) : 
The compound, m.p. 178° was analysed for C^IH.QNO^S. Its 
IR spectrum had bands at 3400 (OK), 1735, 1240 (CH3COO-), 1530 
(C=N), 1470, 1385 (C-N) and 665 cm""^  (C-S). These IR values 
indicate the presence of hydroxyl acetoxy groups and thiazole 
45 
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moiety in the compound. The H-NMR spectrum of the compound dis-
^6 
played a broad multiplet at d 5.01 (Wl/2 = 18Hz, axial) inte-
grating for one proton and was assigned to (C3a-H). The hydroxyl 
proton (exchangeable with deuterium) was appeared at d 3.41. A 
sharp singlet was observed at d 2,53 for three protons ascribable 
to thiazole ring methyl protons. The angular and side chain 
methyl signals were seen at d 1.23 (CIO-CH3), 0.76 (CI3-CH3), 0.9 
and 0.8. From the above data, it is evident that the structure 
of compound (CXXV) is confirmed as 3p-acetoxy-5-hydroxy-5a-
cholest-6-eno[6,7-d]2'-methylthiazole (CXXV). This structure was 
further supported by its mass spectral studies. The mass spectrum 
: 287 : 
of the compound (CAXV; showed intense molecular ion peak at M. 515 
(C H QNO^S) followed by other significant fragment ions at m/z 
500 497, 474, 456, 455, 437, 402, 396 and other lower mass ion 
peaks. Genesis of some of the fragment ions is shown in Scheme-6. 
Scheme-6 
CRHITT 
-^8^17 
m /z 402 < 
-AcOH 
CH-
(CXXV) Mt 515 
m/z 497 
m/z 455 
-H^O 
m/z 437 
-CH3CN 
f 
m/z 396 H6 S^ + 
m/z 474 
Reaction of 3g-chloro-5-hvdroxv-5a-cholestan--6--one ( CXX ) 
with thioacetamide, NBS and benzoylperoxide (catalytic amount) 
A mixture of 3^-chloro-5-hydroxy-5a-cholestan-6-one 
(CXX ) and NBS was refluxed with thioacetamide and benzoylper-
oxide (catalytic amount) in benzene for 8 hrs. After usual 
worked up and column chromatographic separation an oily compound 
was isolated. 
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J-, CHo-C NHo/NBS 
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Benzoylperoxide p. 
Benzene •^'• 
N^-. 
( cxxvi ; 
Characterization of the compound oil as 33-chloro-5-hvdroxy-5a-
cholest~6-enoF6.7-d]-2'-methylthiazole ( CXXVI ) ; 
The oily compound was analysed for C^QH^^NSOCI (positive 
Beilstein test). The IR spectrum showed band at 3450 and 
780 cm for hydroxyl and halogen group. Other absorption bands 
at 153b CC=N), 1465, 1385 (C-N) and 655 cm""'" (C-S) confirm 
45 1 
the presence of thiazole moiety. The H-NMR spectrum exhibited 
a broad multiplet centred at d 3.85 (Wl/2 = 18Hz, axial)"^^ 
integrating for one proton assigned to C3a-H. A singlet 
was observed at d 3.21 for C5a-0H (exchangeable with deuterium). 
The thiazole ring methyl and acetate methyl protons appeared 
as a sharp singlet at d 2.53 and 1.96 respectively. The angular 
and side chain methyl protons were observed at d 1.25 (ClO-CH-,), 
0.75 (CI3-CH3) ^'^^ 0,93, 0.83. The above data led to the 
structure of the compound ( CXXVI ) as 3^-cnlo^o -5-hydroxy-
5a-cholest-6-eno[6,7-d]-2«-methyl thiazole. This structure was 
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further supported by its mass spectral studies. The mass 
spectrum of the coippound ( CXVI ) sho>.veri' intense moleculaT 
ion peak at MI 491/493 (C^gH^^NOSCl) followed by other signi-
ficant fragment ions at m/z 476^^78, 473/475, 455, 4'=)C;'4^ -^>, 
432/434, 414, 378/3«0, 21^ and other lower mass peaks, h ~!natio^  
of the fragment ions is shown in Scheme-6. 
:3cheme-6 
m/z 378/380 
e 
-CgHj_y 
m/z 476/478 ^ 
^ m/z 4-^ 3/47^  
-HCl 
/ M. 491/493 ( CXXXVI ) 
m/z 455 
-C^ F^^ gO 
m/z 41/ 
-CH^CN 
AHCl 
,/z 432//: 
experimental 
3g.5.6g-Trihydroxv-5a-cholestdne 
A mixture of cholesterol (20 g) and formic acid (20 ml; 
88?^ ) was heated on a water bath at 70-80° for 5 minutes and 
then allowed to attain room temperature. Hydrogen peroxide 
(20 ml; 30?^ ) was added to the mixture and it was kept at 
room temperature for 12 hrs. with occassional shaking. Boi-
ling water (300 ml) was added to the mixture with stirring 
and the reaction mixture was allowed to attain room tempera-
ture when a white solid separated which was filtered under 
suction and air dried. The solid was dissolved in methanol 
(600 ml) and the solution was heated with sodium hydroxide 
solution (20 ml; 2^%) for 10 minutes on a steam bath. It was 
acidified with hydrochloric acid and diluted with boiling 
water (300 ml). The triol obtained on cooling was collected 
by filtration and recrystallized from methanol to give 3^,5, 
6^-trihydroxy-5a-cholestane (18 g) m.p. 237° (reported , 
m.p. 237-239°). 
3B.5-Dihvdroxv-5a-cholestan-6-one ( CXVIII ) 
To a solution of 3^,5,6p-trihydroxy-5a-cholestane (10 g) 
in dioxane (90 ml) was added N-bromosuccinimide (4,5 g) at 
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about 25*^ . After 15 minutes, the reaction mixture was cooled 
in an ice bath and the solid which crystallized out was collec-
ted by filtration under suction and washed thoroughly with 50% 
methanol to give dihydroxyketone ( CXVIII ) (6.5 g), m.p. 231 
(reported^*", 231-233°). 
Reaction of 3t3.5-dihvdroxv-5a-cholestan~6-one ( CXVIII ) with 
thiourea. NBS and benzovlperoxide (catalytic amount) t 3g.5-
dihvdroxv-2*-amino-5a-cholest-6-eno[6,7-dIthiazole ( CXXI ) 
A mixture of 3^,5-dihydroxy-5a-cholestan-6-one ( CXVIII ) 
(1.0 g, 2.39 m mol) and NBS (0.500 g, 2.39 m mol) was refluxed 
with thiourea (0.178 g, 2.39 m mol) and benzoylperoxide (cata-
lytic amount) in benzene (40 ml) at reflux temperature for 8 
hrs. After completion of the reaction, the solvent was distilled 
off under reduced pressure and the residue treated with crushed 
ice and extracted with ether. The ethereal layer waa washed 
with water, potassium carbonate solution {b%) and again with 
water and dried over anhydrous sodium sulphate. Evaporation 
of the solvent gave an oil which was chromatographed over silica 
gel (20 g) column. Elution with a mixture of light petroleum 
ether and ether (5:1) provided 3p,5-dihydroxy-2'-amino-5a-
cholest-o-eno[6,7-d]thiazole ( CXXI ) as a semi solid (0.723 g, 
1.6 m mol). 
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Analysis found : C, 70.89; H, 10.25; N, 6.09 
^28"46^2°2^ requires : C, 70.88; H, 10.22; N, 6.05?^ . 
IR : \^^^ 3400 (-0H), 3255, 3160 (NH2), 1630 iC=C), 
1600, 1520 (C=N), 1455, 1375 (C-N) and 660 cm"^(C-S). 
•^ H-^ Ml : d 4.75 (brs, NH2-exchangeable with deuterium), 4.48 
(m, Wl/2 = 17Hz, C3a-H, axial), 3.41 (brs, OH, 
exchangeable with deuterium), 1.2 (CIO-CH3), 0.72 
(CI3-CH3), 0.91 and 0.81 (other methyl protons}. 
MS : Mt 474 (30.00, C^QH^^N^O^S), 459 (20.00, C27H^3N202S) 
457 (10.00), 456 (10.00), 441 (2.50), 438 (3.20), 
433 (2.0), 432 (12.50, C2yH4^2S)» ^27 (2.50), 414 
(3.50), 396 (3.75), 393 (7.5), 388 (5.00), 387(36.25), 
386 (8.75), 385 (8.75), 384 (12.50), 372 (7.5), 371 
(18.75), 370 (2.5), 369 (5.00), 368 (3.75), 361(5.00, 
C20H39N2O2S), 350 (4.50), 348 (2.50), 345 (3.45), 
343 (2.50), 341 (3.20), 330 (2,50), 329 (5.00), 328 
(2.5), 326 (2.1), 320 (5.4), 317 (2.15), 313 (3.45), 
274 (11.25), 273 (43.75), 263 (5.00), 252 (2.50), 246 
(7.50), 245 (17.50), 244 (7.50), 234 (3.45), 233 
(17.5), 232 (27.50), 231 (82.50), 220 (6.25), 218 
(2.5), 216 (8.75), 205 (3.75), 204 (2.50), 203(5.00), 
190 (2.50), 189 (5.00), 178 (2.50), 177 (11.25), 176 
(2.50), 165 (7.5), 164 (12.50), 163 (10.00), 161 
(2.50), 152 (7.50), 150 (6.25), 149 (10.25), 147(5.00), 
: 293 : 
137 (7.50), 136 (17.50), 135 (15.00), 124 (6.25), 123 (6.25), 
122 (30.00), 121 (17.50), 119 (6.25), 110 (5.00), 109 (30.00), 
108 (27.00), 107 (27.50), 105 (12.50), 97 (10.00), 95 (37.50), 
94 (13.40), 93 (27.50), 91 (16.25), 83 (10.OO), 82 (11.25), 81 
(37.50), 80 (7.50), 79 (27.50), 77 (10.00), 71 (15.00), 70 
(7.50), 69 (25.00), 68 (15.00), 67 (30.00), 57 (30.00), 56 
(15.00), 55 (45.00), 53 (10.00), 44 (12.50), 42 (100.00), 43 
(95.00), 41 (50.00). 
3g~AcetoxY-5. 6g-c[ihydroxy-5a-cholestane 
3^-Acetoxy-5,6a-epoxy-5a-cholestane (8 g) was dissolved in 
acetone (140 ml) and to this hydroiodic acid (16 ml) was added 
and the reaction mixture was refluxed for 1 hr. The progress 
of the reaction was monitored by TLC. After the completion of 
the reaction, the solvent was removed under reduced pressure and 
the residue obtained was extracted with ether. The ethereal 
extract was washed with water, sodium bicarbonate solution (5%) 
and again with water and was dried over anhydrous sodium sul-
phate. Evaporation of the ether gave semi solid which was 
recrystallized from methanol to give 3p--acetoxy-5, 6^-dihydroxy-
47 
5a-cholestane, m.p. 203° (reported, 203-205°). 
3B-AcetoxY-5-hydroxv-5a-cholestan-6-one ( CXIX ) 
I 3^-Acetoxy-5,6P-dihydroxy-5a-cholestane (4 g) was dissolved 
: 294 : 
in acetone (30 ml) and was kept in ice bath. To this 
solution Jone's reayent (35 g of chromium txioxide in 
100 ml of water + 30 ml of H2SO4) was added dropwise 
with stirring till the colour of the solution presisted. 
The solution was further stirred for 30 minutes. The 
reaction mixture was diluted with water and the precipi-
tated solid was filtered, dried and recrystallized from 
acetone to give the ketone ( CXIX ) (3.0 g) m.p. 232° 
(reported ,232-233"). 
II A mixture of 3f3,5-dihydroxy-5a-cholestan-6-one ( CXVIII ) 
(10 g) pyridine (15 ml, freshly distilled over KOH) and 
acetic anhydride (10 ml) was heated under reflux for 2 hrs 
The reaction mixture was allowed to cool at room tempe-
rature and treated with water. The reaction product con-
sisting of colourless needles was filtered, washed with a 
little methanol and air dried. Recrystallization from 
methanol gave the hydroxy ketone ( CXIX ) (6.5 g), m.p. 
232° (reportea"^^, 232-233°). 
Reaction of 3g-acetoxv-5-hydroxv-5a-cholestan-6-one ( CXIX ) 
with thioureat NBS and benzoylperoxide (catalytic amount) : 
3g-Acetoxy-5-hydroxy-2*-amino-5a-cholest-6-eno[6,7-d]thiazole 
( CXXII ) : 
A mixture of 3^-acetoxy-5-hydroxy-5a-cholestan-6-one 
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(1.0 g, 2.17 m mol) and NBS (0.385 g, 2.17 m mol) was refluxea 
with thiourea (0.164 g, 2.17 m mol) and benzoylperoxide (cata-
lytic amount) in benzene (40 ml) at reflux temperature for 8 
hrs. After usual work up and evaporation of the solvent gave 
an oil which was chromatographed over silica gel column, 
Eiutionwith petroleum ether - ether (8:1) provided an oil which 
was crystallized from hexane to afford 3p-acetoxy-5-hydroxy-2'-
amino-5a-cholest-6-eno[6,7-d]thiazole ( CXXII ) (0.625 g, 1.21 
m mol), m.p. 205 . 
Analysis found : C, 69.75; H, 9.38; N, 5.39 
C^QH^QN O^S requires : C, 69.72; H, 9.36; N, 5.42%. 
IR : o 3450 (-0H), 3300, 3150 (~NH^), 1730, 1265 2/max. A 
(CH3COO), 1630 (C=C), 1525 (C=N), 1460, 1375 (C-N), 
and 665 cm" (C-S). 
•'•H-NAAR : d 5.01 (brm, WI/2 = 18Hz; C3a-H, axial), 4.92 (brs, 
NH2» exchangeable with deuterium), 3.42 (brs, C5a-0H, 
exchangeable with deuterium), 2.05 (s, -O-C-CH^), 
1.2 (CIO-CH3), 0.78 (CI3-CH3), 0.91 and 0.81 (other 
methyl protons). 
MS : Mt 516 (30.25; ^^^W^^^^p^^), 501 (2.35; O^^^^^^^^-^S), 
498 (2.39), 474 (3.25), C28H44N2OS), 456 (12.31), 
438 (2.14), 414 (2.53), 403 (4.25), 396 (100.00), 
391 (5.00), 390 (2.45), 386 (0.97), 385 (1.74), 384 
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(2.90;, 383 (1.10), 371 (2.10), 370 (2.50), 369 (1.50), 368 
(1.45), 365 (2.50), 363 (2.40), 362 (3.40), 361 (1.25), 360 
(3.53), 332 (5.00), 329 (5.15), 301 (3.75), 292 (1.25), 294 
(2.51), 276 (4.35), 252 (2.12), 240 (3.20), 239 (1.35), 238 
(3.25), 237 (2.15), 235 (2.15), 234 (2.25), 230 (1.51), 224 
(2.51), 223 (3.21), 222 (1.25), 221 (0.75), 220 (2.50), 219 
(2.50), 218 (12.00), 202 (5.00), 191 (2.50), 189 (12.50), 176 
(2.50), 165 (2.50), 163 (2.50), 151 (2.50), 109 (2.50), 107 
(2.50), 95 (3.75), 94 (2.50), 93 (10.OO), 90 (2.50), 83 (1.25), 
81 (3.75), 79 (1.25), 71 (2.50), 68 (2.50), 66 (3.75), 57 
(6.25), 56 (2.50), 55 (10.00), 43 (40.00), 42 (2.50), 41(13.75). 
3g-Chloro-5.6g-clihvclroxv-5g--cholestane : 
Finely powdered 3P--chlorocholest-5-ene (28 g) was dissolved 
in hot glacial acetic acid (300 ml) and treated with hydrogen 
peroxide (60 ml; 305^). The reaction mixture was kept at 95° 
for 1 hr. After removal of the solvent, the oily product was 
extracted with ether and the ethereal layer was washed successi-
vely with water, sodium bicarbonate solution (lO^ i^ ) and water and 
dried over anhydrous sodium sulphate. Evaporation of the solvent 
gave an oil ( ^ ^ 12 g) which was chromatographed over silica gel 
column (240 g) and eluted in 50 ml (portions). Elution with 
petroleum ether ~ benzene (7:3) gave th^ unreacted 3p-chloro-
47 
cholest-5-ene (2 g), m.p. 96 (reported, m.p. 96 ). Further 
elution with benzene - chloroform (9:1) gave 3p-chloro-b-hydroxy-
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6^-acetoxy-ba-cholestane (3.31 g), m.p. 148° (reported , 
150-151°). 
Elution with chloroform gave 3p-chloro-5,6^-dihydroxy-
5a-cholestane, recrystallized from methanol (2.3 g), m.p. 124 
47 o N 
(reported, 126 , positive Beilstein test for halogen;. 
3g-Chloro-b-hydroxv-5a-cholestan~6~one ( CXX ) 
3p-Chloro-5,6P-dihydroxy-5a-cholestane (2 g) was dissolved 
in ether (40 ml) methanol (10 ml) and water (10 ml) and treated 
with N-bromosuccinimide (1 g^. After 1 hr, ether (50 ml) was 
added and the solution was washed with water, sodium metabisul-
phite solution (10?^ ) and water and dried over anhydrous sodium 
sulphate. Evaporation of the solvent gave the crude ketone 
( CXX ) which Was recrystallized from acetone to afford 
3^-chloro-5-hydroxy-5a-cholestan-6-one ( CXX ), (1.4 g), m.p. 
181° (reported^^, 182°). 
Reaction of 3g-chloro~5-hydroxy--5a-cholestan-6-one ( CXX ) with 
thiourea. NBS and benzoylperoxide (catalytic amount) ; 3g-
Chloro-'5-hydroxy-2*-amino-5«-cholest-6-eno[6.7-dlthiazole 
( CXXIII ) 
A mixture of 3p-chloro-b-hydroxy-5a--cholestan-6-one 
(1.0 g, 2.10 m mol) and NBS (0.373 g, 2.10 m mol) was refluxed 
with thiourea (0.149 g, 2.10 m mol) and benzoyl peroxide (cata-
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lytic amount) in benzene (40 ml) was refluxed under similar 
reaction conditions as described earlier. Usual work up of 
the reaction mixture followed by evaporation of the solvent 
yielded a residue which was chromatographed over silica gel 
(20 g) column. Elution with petroleum ether - ether (18:1) 
afforded 3^-chloro-5-hydroxy-2'-amino~5a-cholest-6-eno[6,7-d] 
thiazole ( CXXIII ) (0.615 g, 1.43 m mol) as an oil. 
Analysis found : C, 67.42; H, 9.43; N, b.83 
C2QH^^C1H20S requires : C, 67.40; H, 9.42; N, b.82%. 
IR : >) 3430 (-0H), 3300, 3150 (NH^), 1638 (C=C), 1530 
(C=N), 
(C-S). 
1470, 1380 (C-N), 780 (C-Cl) and 655 cm"-"-
H-^ JMR : d 4.71 (brs, NH2» exchangeable with deuterium), 
3.41 (brs, C5a-0H, exchangeable with deuterium;, 
4.03 (m, Wl/2 = 17Hz; C3a-H, axial), 1.2 (CIO-CH3), 
0.75 (CI3-CH3), 0.9 and 0.8 (other methyl protons). 
MS : Mt 492/494 (10.35/3.53; C2gH4^ClN20S), 477/^7 9 
(3.72/1.25, C27H43CIN2O2S), 474/476 (6.75/2.25; 
C2gH43ClN2S), 457 (2.5), 456 (12.50), 438 '(0.25), 
432/434 (7.25/2.65, CoyH^^^ClSj, 'U4 (^ +.25), 
400 (13.25), 399 (10.35), 398 (3.25), ^~,-^ ^U.87), 
385 (1.74), 384 (2.90), 383 (1.10), 382 (2.50), .79/ 
-81(12.25/4.07), 371 (l.lO), 370 (1.45), 369(3.25), 
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(12.79), 55 
(11.63), 41 
3.25), 364(10.35),366(2.25), 350 (1.50), 
0.45), 347 (1.12), 346 (2.15), 345 (2.15), 
2.01), 341 (1.25), 340 (0.25), 339 (1.6l), 
1.25), 305 (0.87), 303 (0.87), 282 (1.16), 
1.74), 227 (4.06), 226 (3.49), 225 (1.74), 
1.45), 216 (1.74), 211 (6.39), 201 (1.87), 
3.25), 198 (1.45), 197 (0.95), 196 (1.25), 
1.25), 192 (2.25), 151 (l.5l), 190 (1.25), 
2.01), 179 (1.05), 178 (0.35), 177 (0.45), 
1.25), 155 (2.31), 150 (2.32), 149 (19.17), 
2.32), 132 (5.22), 131 (5.03), 130 (4.64), 
6.97), 121 (3.77), 120 (6.97), 119 (3.19), 
3.48), 111 (9.29), 110 (9.87), 109 (9.87), 
12.78), 106 (11.63), 105 (37.21), 74 (32.55), 
2.50), 67 (16.28), 58 (4.65), 57 (37.21), 56 
(48.84), 45 (16.13), 44 (6.45), 43 (100.OO), 42 
(65.12), 
Reaction of 33-5-hydroxv-5a-cholestan~6-Qne ( CXVIII ) with 
thioacetamide. NBS. Benzoylperoxide (catalytic amount ; 3g-5-
Dlhydroxy-2*-methvl-5a-cholest-6-eno[6.7~dlthiazole ( CXXIV ) 
A mixture of 3/3,5-hydroxy-5Q:-cholestan-6-one ( 1 g, 2.39 
m mol) and NBS (0.500 g, 2.39 m mol) was refluxed with thio-
dcetamide (.179 g 2.30mmol) and benzoylperoxide (catalytic 
amount) in benzene (40 ml) for 6 hrs. 
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in benzene (40 ml) under similar reaction conditions as describea 
earlier. After usual workup and evaporation of the solvent gave 
an oil which was chromatographed over silica gel (20 g) column 
and eluted with petroleum ether - ether (12:1) o^ orovUe an oil 
which was crystallized from hexane to afford 3i3-acetoxy-5-hydroxy-
5a-cholest-6-eno[6,7-d]-2'-methylthiazole ( CXXV ) (0.165 g, .320 
m mol), m.p. 178 . 
Analysis found : C, 71.85; H, 9.76; N, 2.74 
C31H49NO3S requires : C, 71.84; H, 9.75; N, 2.73%. 
IR : A , 3400 (-0H), 1735, 1240 (CH^-COO), 1530 (C=N), 
1470, 1385 (C-N) and 665 cm"-"- (C-S). 
•^ H-NMR : d 5.01 (brm, Wl/2 = 18Hz, C3a-H, axial), 3.21 (s, 
C5CC-0H, exchangeable with deuterium), 2.53 (s, -N=C-CH^), 
1.96 (s, -O-6-CH3), 1.25 (CIO-CH3), 0.75 (CI3-CH3), 
0.93 and 0.83 (remaining side chain methyl protons). 
MS : Mt 515 (25.15; Z^.^^^WQ)^S), 500 (12.35; C3QH4^N03S), 
497 (2.35), 498 (2.35), 474 (4.25; C2gH^40S), 457 
(4.20), 456 (3.25), 455 (2.12), 438 (1.25), 437(11.25), 
413 (2.53), 402 (4.25), 396 (1.25), 390 (5.00), 389 
(2.45), 387 (0.85), 386 (0.97), 385 (1.74), 384(2.90), 
383 (1.12), 372 (2.10), 371 (3.15), 370 (1.45), 365 
(2.40), 364 (1.25), 363 (1.25), 362 (2.40), 361 (1.50), 
360 (4.53), 346 (1.25), 345 (0.78), 328 (0.78), 327 
: 301 : 
(2.50), 
(4.50), 
(2.50), 
(2.15), 
(2.50), 
(5.00), 
(4.75), 
(3.75), 
(7.50), 
(6.25), 
(3.25), 
(5.00), 
(10.00) 
(10.00) 
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, 95 ( 
, 82 ( 
71 (15.00), 7 
(27.50) 
(95.00) 
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5.00), 367 (3.75), 360 (5.00; C^jH^^m^S), 349 
2.50), 344 (3.45), 342 (2.50), 340 (3.20), 329 
5.00), 327 (2.50), 325 (2.10), 319 (5.40), 316 
1.50), 274 (11.25), 273 (43.75), 262 (5.00), 251 
7.50), 245 (17.50), 244 (7.50), 234 (3.75), 232 
82.50), 220 (6.25), 218 (1.50), 216 (8.75), 205 
2.75), 203 (5.15), 190 (2.50), 179 (3.75), 178 
10.00), 166 (2.50), 165 (2.50), 163 (3.75), 159 
3.75), 152 (7.50), 151 (2.50), 150 (3.75), 149 
0.85), 137 (1.50), 136 (2.75), 135 (15.00), 124 
6.25), 122 (3.75), 121 (7.50), 119 (4.25), 110 
28.00), 108 (27.00), 107 (17.50), 105 (12.50), 97 
37.50), 94 (12.40), 93 (27.50), 91 (16.25), 83 
1.25), 81 (7.50), 80 (7.50), 79 (27.50), 77 (8.75), 
0 (7.50), 69 (25.00), 68 (1.50), 67 (30.00), 57 
15.00), 55 (45.00), 53 (10.00), 44 (1.25), 43 
100.00), 41 (50.00). 
Reaction of ^ -Acetoxy-5-hvdroxv~5a'-cholestan-6-one ( ,CXIX ) 
with thioacetamide. NBS and benzoylperoxide (catalytic amount); 
36-Acetoxy-5-hydroxv-5a-cholest--6--eno[6.7-d1-2'--methylethiazole 
( CXXV ) : 
A mixture of 3^-acetoxy-5-hydroxy-5a-cholestan-6-one (1.0 g, 
2.17 m mol) and NBS (0.385 g, 2.17 m mol) was refluxed with thio-
urea (0.164 g, 2.17 m mol) and Benzoylperoxi!~ie (catalytic amount). 
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After completion of the reaction, the solvent was distilled 
off under reduced pressure and the residue treated with crushed 
ice and extracted with ether. The ethereal layer was washed 
with water, potassium carbonate solution (5%) and again with 
water and dried over anhydrous sodium sulphate. Evaporation of 
the solvent gave an oil which was chromatographed over silica 
gel (^20 g) column. Elution with a mixture of petroleum ether 
and ether (10:1) provided 3^-5-dihydroxy-2'-methyl-5a-cholest-6-
eno[6,7-dJthiazole ( CXXIV ) as an oil (0,625 g, 1.32 m mol ). 
Analysis found ; C, 73.19; H, 10.18; N, 2.93 
C^gH^^UO^S requires : C, 73.21; H, 10.17; N, 2.92%. 
IR : -^^  ^ 3400 (~0H), 1630 (C=C), 1530 (C=N), 1470, 1380 
(C-N) and 655 cm""'- (C-S). 
^H-NMR : d 4.48 (m, Wl/2 = 18Hz; C3a-H; axial), 3.21(s, 
C5a-0H, C3P-0H, exchangeable with deuterium), 2.51 
(s, -N=C-CH3), 1.2 (CIO-CH3), 0.75 (CI3-CH3), 0.9 
and 0.8 (other methyl protons). 
: Mt 473 (30.00; C29H4^N02S), 458 (10.50; C^QH^^KO^S), 
456 (2.50), 455 (13.50), 440 (2.50), 437 (3.20), 432 
(12.00), 431 (10.50; C^QH^^O^S), 426 (2.50), 395 
(3.75), 392 (7.50), 387 (5.00), 386 (36.25), 385(8.75), 
384 (8.74), 383 (12.50), 371 (7.50), 370 (18.75), 369 
MS 
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(0.78), 292 (0.39), 291 (3.49), 271 (0.78), 246 (0.39), 245 
(0.78), 244 (0.78), 233 (0.78), 231 (C.78), 230 (1.94), 227 
(1.16), 219 (1.94), 216 (1.94), 215 (7.75), 214 (1.16), 213 
(2.33), 202 (0.78), 201 (2.33), 192 (1.66), 191 (0.78), 190 
(0.78), 189 (0.78), 177 (1.55), 176 (l.lO), 175 (2.33), 163 
(1.16), 149 (1.16), 148 (1.26), 109 (2.71), 108 (0.78), 107 
(2.33), 106 (0.78), 105 (3.10), 97 (4.26), 95 (5.43), 87 (3.88), 
86 (2.71), 85 (20.93), 84 (3.1), 83 (9.3), 74 (7.75), 73(11.63), 
72 (2.71), 71 (13.18), 70 (5.04), 69 (14.34), 68 (2.71), 61 
(4.26), 60 (12.40), 59 (25.58), 58 (5.43), 57 (31.00), 56(7.75), 
55 (24.03 ), 45 (36.04), 43 (100.00), 42 (13.95), 41 (48.00). 
Reaction of 3g-chloro--5-hvclroxv-5g~cholestan--6-one ( CXXIII ) 
with thioacetamlde. NBS and benzoylperoxide (catalytic amount): 
3g~Chloro-5~hvdroxy-5a-cholest-6--eno[6.7-dl--2*-methylethiazole 
( CXXVI ) : 
A mixture of 3^-chloro-5-hydroxy-5a-cholestan-6-one (1.0 g, 
2.1 m mol) and NBS (0.373 g, 2.1 m mol) was refluxed with thio-
acetamlde (0.123 g, 2.1 m mol) and benzoylperoxide (catalytic 
amount) in benzene (40 ml) was refluxed under similar reaction 
conditions as described earlier. Usual workup of the reaction 
mixture followed by evaporation of the solvent yielded an oily 
residue which was chromatographed over silica gel (20 g) column. 
Elution with petroleum ether - ether (20:1) afforded 3p-chloro-
: 304 : 
5 - h y d r o x y - 5 a - c h o l e s t - 6 - e n o [ 6 , 7 - d ] - 2 ' - m e t h y l t h i a z o l e ( CXXVI ) 
(0 .585 g, 1.19 m mol) as an o i l . 
Ana lys i s found : C, 7 5 . 9 3 ; H, 10 .32 ; N, 3.29 
C29H^^N0SC1 r e q u i r e s : C, 7 5 . 9 2 ; H, 1 0 . 3 3 ; N, 3.28?^. 
IR : ^ 3450 (-0H), 1535 (C=N), 1465, 1385 (C-H), 780 
(C-Cl) and 655 cm"-"- (C~S). 
•^ H-NMR : a 3 .85 (brm, Wl/2 = 20Hz, C3a-H, a x i a l ) , 3 .41 ( s , 
C5a-0H, exchangeable with deuterium), 2.53 (s, -N=C-CH2)» 
1.23 (ClO-CH^), 0.76 (CI3-CH2), 0.9 and 0.8 (other 
methyl protons). 
MS : Mt49l/493 (3.49/1.16; C29H45NOSCI), 476/478 (10.45/ 
3.45; C2gH^^tiOSCl), 473/475 (5.75/1.25), 4bb (5.00), 
450/452 (7.25/2.25), 432/434 (10.45/3.45), "l--(r..'/; 
403 (1,.12), 400 (2.45), 399 (3.45), 383 (3.75), 382 
(2.15), 378/380 (6.25/2.07), 377 (l.lO), 370 (1.45), 
369 (3.25), 368 (1.25), 367 (3.25), 364/366 (10.35/ 
3.75), 350 (1.50), 349 (0.87), 348 (0.45), 347(1.12), 
346 (2.15), 345 (2.15), 343 (1.25), 342 (2.01), 341 
(1.25), 340 (0.25), 339 (I.6I), 338 (2.15), 330(1.25), 
324(3.75) 323U.05), 305 (0.87), 303 (1.45), 282(1.16), 
279 (3.49), 236 (1.50), 228 (1.74), 227 (4.06), 226 
(3.49), 225 (1.74), 219 (2.32), 215 (1.45), 212(1.74), 
: 305 
211 (6.39), 201 (1.87), 200 (0.85), 199 (3.25), 198 (1.45), 
197 (0.45), 196 (1.25), 195 (2.25), 194 (1.75), 193 (1.25), 
192 (2.25), 191 (1.51), 190 (1.25), 189 (4.12), 180 (2.01), 
179 (1.05), 178 (0.35), 177 (0.45), 176 (0.25), 158 (1.25), 
159 (2.31), 150 (2.32), 149 (19.17), 134 (5.81), 133 (2.32), 
132 (5.22), 131 (5.22), 130 (4.64), 123 (2.32), 122 (6.97), 
121 (3.77), 120 (6.97), 119 (3.19), 118 (6.68), 112 (3.48), 
111 (9.29), 110 (9.87), 109 (9.87), 108 (4.06), 107 (12.78), 
106 (11.63), 105 (37.21), 74 (32.55), 70 (11.63), 69 (32.50), 
67 (16.28), 58 (4.65), 57 (37.21), 56 (12.79), 55 (12.79), 55 
(48.84), 45 (16.13), 44 (6.45), 43 (100.00), 42 (11.63), 41 
(65.12). 
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3^-Chk)ro-5,6a-epoxy-5a-stigmastane (1) and its 
3p-hydroxyderivative (2) on treatment with BFj-ether-
ate afford the ketones (3 and 4), the backbone rear-
ranged products (5 and 6), Westphalen rearranged pro-
ducts (7 and 8) and flourohydrins (9 and 10). The 
structures of these products ha,ve been established on 
the basis of their analytical and spectral data. 
A number of papers dealing with the BFj-etherate 
catalysed rearrangements of steroidal epoxides 
have been reported in the Uterature'"". Simplicity 
in carrying out the reaction at ambient tempera-
ture and formation of noble backbone and West-
phalen rearranged products prompted us to study 
the reaction of steroidal epoxides (1) and (2) in 
stigmastane series with BFj-etherate. Earlier we 
have studied different reactions^"* on compounds 
in the cholestane series. 
The reaction of BFj-etherate with 3p-chloro-
5,6a-epoxy-5a-stigmastane (1) afforded 3p-chloro-
5a-stigmastan-6-one (3), 3p-chloro-5p,14p-dime-
thyl-18,19-bisnor-10a-stigmast-13( 17)-en-6a-ol (5), 
3p-chloro-5p-methyl-19-nor-stigmast-9(10)-en-6a-
ol (7) and 3p-chloro-6p-fluoro-5a-stigmast-5a-ol 
(9). Under similar reaction conditions 3p-hydroxy-
5,6a-epoxy-5a-stigmastane (2) gave 3p-hydroxy-
5a-stigmastan-6-one (4), 3P-hydroxy-5p-14p-di-
methyl-18,19-bisnor- lOa-stigmast-13( 17 )-en-6a-ol 
(6), 3 p-hydroxy-5 p-methyl-19-nor-stigmast-9( 10 )-
en-6a-ol (8) and 3p-hydroxy-6p-fluoro-5a-stig-
mast-5a-ol (10). Structures of these products were 
supported by their elemental analysis and spectral 
data. The mechanism of their formation has al-
ready been reported in the literature'" ^ . 
Experimental 
Reaction of epoxide (1) with BF^-etherate 
3p-Chloro-5,6a-epoxy-5a-stigmastane (1) (4 g, 
8.9 m mol) in benzene (280 ml) was treated with 
BFj-etherate (4 ml, .032 mol) and kept at 20° for 
7 min. The solution was poured into 5% NaHCOj 
solution, the mixture diluted with ether and 
washed with water. The ethereal solution was dri-
ed over Na2S04. Evaporation of the solvent left an 
oil that was chromatographed on a siUca gel co-
lumn (80 g). The column was successively eluted 
with 40:1, 20:1, 15:1 and 5:1, mixtures of light 
petroleum and ether to give fractions I-FV, respect-
ively. 
Fraction I provided 3p-chloro-5a-stigmastan-6-
one (3) as an oil which was crystallized from 
methanol, yield 0.975 g (2.17 m mol; 24.4%), m.p 
78° (Found: C, 77.5; H, 10.9. C29H4<,C10 requires 
C, 77.5; H, 11.0%); gave positive Beilstein test; 
IR(nujol): 1710 (>C = 0), 760 cm"' (C-Cl); 
PMR(CDCl3): 8 3.85 (IH, brm, W, = 17 Hz, 
C ja -H) (axial, A/B ring junction trans), 0.93, 
CioH?, 
?>0^*2I 
OH 
5 , R=CI 
6, R= OH 
9 , R = Cl 
10. R=OH 
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0.83, 0.73, 0.63 (each s, angular and side chain 
methyl protons). 
Fraction II afforded 3p-chloro-53,14p-dimethyl-
18,19-bisnor-10a-stigmast-13(17)-en-6a-ol (5) as a 
non crystallizable oil, yield 0.725 g (1.61 m mol; 
18.1%) (Found: C, 77.6; H, 11.0. C29H49CIO re-
quires C, 77.5; H, 11.0%); gave positive Beilstein 
test; IR(nujol): 3420 (-OH), 760 cm"! (C-Cl); 
PMR (CDCI3): 8 3.88 (IH, brm, Wi = 8 Hz, 
Cja-H), 4.37 (IH, m, Wi = 7 Hz, Q p - H ) , 2.65 
(IH, s, OH, exchangeable with deuterium), 2.45 
(IH, m, Czo-aUyUc-H)^ 1.12 (3H, s, CsP-CHa)^ 
0.93 (3H, s, C14P-CH3), 0.86, 0.82 (each s, other 
methyl protons). 
Fraction III furnished 3p-chloro-5p-methyl-19-
nor-stigmast-9(10)-en-6a-ol (7) as a colourless sol-
id which was recrystallized from acetone, yield 
0.765 g (1.70 m mol, 19.2%), m.p. 142° (Found: 
C, 77.5; H, 11.0. C29H4,C10 requires C, 77.5; H, 
11.0%); gave positive Beilstein test; IR(nujol): 3410 
(-OH), 760 cm-' (C-Cl); PMR (CDCI3): 8 3.78 
(IH, brm, Wi = 8 Hz, C ja -H)" , 4.42 (IH, m, 
W+ = 7 Hz, Cgp-H), 2.62 (IH, s, OH, exchange-
able with deuterium), 1.28 (3H, s, C5P-CH3)", 
0.78 (3H, s, C13P-CH3)", 0.92, 0.86 and 0.82 
(each, s, other methyl protons). 
Fraction IV gave 3p-chloro-6p-fluoro-5a-stig-
mast-5-ol (9) as a noncrystallizable oil, yield 0.835 g 
(1.85mmol,20%XFound:C,75.0;H,10.8.C29H5oClFO 
requires C, 74.2; H, 10.8%); gave positive Beilstein 
test; IR(nujol): 3420 ( - OH), 760 (C - CI), 745 cm" ^  
(C - F); PMR (CDCI3): 6 3.82 (IH, brm, W^ = 17 Hz, 
Cjtt-H)' , 4.26 (IH, m, Wi = 4 Hz, Q a - H ) , 2.58 
(lH,s, OH, exchangeable withdeuterium), 0.93,0.83, 
0.73,0.63 (each s, other angular and side chain methyl 
protons). 
Reaction ofepoxide{2) withBF^-etherate 
3p-Hydroxy-5,6a-epoxy-5a-stigmastane (2) (4 g, 
9.2 m mol) under similar reaction conditions as men-
tioned above and colunm chromatography afforded 
3p-hydroxy-5a-stigmastan-6-one (4) on elution with 
pet. ether-ether (20:1) as a solid which was recrystal-
lized from methanol, yield 0.925 g (2.91 m mol, 
23.12%), m.p. 132''(Found:C,80.8;H, II.8.C29H50O2 
requires C, 80.9; H, 11.7%); IR(nujol): 3420 ( - OH), 
1705 cm-1 (> C = O); PMR (CDCI3): 6 5.01 (IH, m, 
Wj = 17 Hz, €30 - H), (axial, A/B ringjunction transf, 
0.93,0.83,0.73,0.63 (each s, methyl protons). ' 
Elution with pet. ether-ether (10:1) furnished 
3p-hydroxy-5P,14p-dimethyl-18,19-bisnor-10a-stig-
mast-13( 17)-en-6a-ol (6) as an oil, yield 0.735 g (1.70 
mmol, 18.37%)(Found:C,81.0;H, 11.8. C29H50O2 re-
quires C, 80.9; H, 11.7%); IR(nujol): 3410 cm"' 
(-OH); PMR (CDCI3): 8 5.02 (IH, m, W, = 8 Hz, 
Cjtt - H)'", 4.52 (IH, m, W^  = 7 Hz, Q p - H), 2.65 
(IH, s, OH, exchangeable with deuterium), 2.43 (IH, 
m, C2o-allylic proton)'", 1.12 (3H, s, CsP-CHa)'", 
0.93 (3H, s, C14P-CH3), 0.88, 0.86, 0.82 (each s, 
other methyl protons). 
Elution with pet. ether-ether (5:1) provided 3p-
hydroxy-5p-methyl-19-nor-stigmast-9(10)-en-6a-ol 
(8) as an oil, yield 0.775 g (1.77 m mol, 19.37%) 
(Found: C, 80.9; H, 11.8. C29H50O2 requires C, 80.9; 
H, 11.7%); IR(nujol): 3415 (-OH); PMR(CDCl3): 6 
5.01(lH,m,Wi = 8Hz,C3a-H),4.53(lH,m,W, = 7 
Hz, Q p - H ) , 2.45 (IH, s, OH, exchangeable with 
deuterium), 1.32 (3H, s, C5p-CH3)^ 0.78 (3H, s, 
C13P -CHj)"*, 0.92,0.86,0.82 (each, s, other methyl 
protons). 
Further elution with pet. ether-ether (1:1) gave 3 p-
hydroxy-6p-fluoro-5a-stigmast-5a-ol (10) as an oil, 
yield0.815g(1.89mmol,19.37%)(Found;C,77.3;H, 
11.5. C29H51FO2 requires C, 77.3; H, 11.4%); IR (nu-
jol):3420(-OH),740cm-MC-F);PMR(CDCl3):6 
5.05 (IH, m, Wj = 16 Hz; C^a-Hf, 4.16 (IH, m, 
Wi = 4 Hz, CfiP - H), 2.42 (IH, s, OH, exchangeable 
with deuterium), 0.93 (3H, s, Cjo - CH3), 0.63 (3H, s, 
Ci3 - CH3), 0.83,0.73 (each, s, other methyl protons). 
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Reaction of 3/J-chloro-5,6a-ej)oxy-5a-cholestane (1) with BF^: etberate afforded 
36-cMoro-Sa-chole8tan-6-one (3), 3^-chloro-5/S,14;fif.dimethyl-18,19-bisnor-10a-chole8t-
13(17)-en-6a-01 (4), 3^-chloro-5/S-methyl-19-nor-cholest-9(10)-en-6a-ol (5) and 3/?-
chloro-6/3>fIuoro-5a-cbole8tan-5a-ol (6). On similar treatment, 3/?-acetoxy-5,6a-epoxy-
Sa-stigmastane (2) gave 3B-acetoxy-5a-stigmastan-6-one (7), 3^-acetoxy-5j3,14/S-di-
methyl-18,19-bisnor-10a-stigmast-13(17)-en-6a-ol(8), 3/}.acetoxy-5^-methyl-19-nor-stig-
mast-9(10)-en-6a-ol (9) and 3/J-acetoxy-6j3-fluoro-5a-stigma8t-5a-ol (10). Compounds 
4 and 8 and 5 and 9 were formed via "backbone" and Westphalen rearrangements. 
The structures of these compounds were established on the basis of spectral data and 
by comparison with authentic samples. 
Boron trifluoride-catalyzed rearrangements of steroidal epoxides have 
been widely reported [1—5]. Simplicity in carrying out the reactions at 
ambient temperature and formation of novel "backbone" and Westphalen 
rearranged products attached interest to a study of the reactions of steroidal 
epoxides, such as 3/5-chloro-5,6a-epoxy-5a-chole8tane (1) and 3;8-acetoxy-
5,6a-epoxy-5a;-stigmastane (2) with BFj : etherate. 
Reaction of 1 with BFg : etherate furnished 3 (m.p. 128—129 °C), 
4 (an oil), 5 (an oil), and 6 (m.p. 118 °C), Compound 3 analyzed for C!f,H4sC10 
(positive Beilstein test) and was found identical (m.p., tic, ir, nmr) with an 
authentic sample of 3jS-chloro-5a-cholestan-6-one [6]. Normally /3-ketones 
are formed, but they change into the more stable a-ketones in the presence 
of acids and bases [7]. This may have happened in this case too, as the separa-
tion was carried out on silica gel, which is acidic in nature. The oily compound 
4 analyzed for C27H45CIO (positive Beilstein test). Its ir spectrum exhibited 
bands at 3400 c m - i (—OH) and 740 c m - i (C^Cl) . The nmr spectrum had 
two broad multiplets integrated for one proton each at 64.51 (IF^/g = 8 Hz) 
and 3.4 {W^l^=9 Hz), assigned to equatorial 6-H and 3-H, respectively. 
These data confirm the 5j^,I0a-configuration of ring A/B. A singlet appeared 
at 3 2.63 (exchangeable with deuterium) assigned for —OH, and a multiplet 
* To whom correspondence should be addressed. 
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at d2.43 for the 20-H allylic proton was observed. The absence of any nmr 
signal below d 0.8 suggested that the C/D ring system has been modified by 
the presence of a tetra-substituted double bond, resulting in the shift of the 
CH3-I8 resonance to lower field [8]. These data are consistent with the 18-nor-
14/8-13(17)-ene structure of the compound. The 5/3-methyl protons and 14/3-
methyl protons were observed at 61.3 and 1.15, respectively. Other methyl 
signals were observed at d 0.96, 0.85 and 0.82. On the basis of these spectral 
data the structure of 3/S-chloro-5/3,I4/?-dimethyl-18,19-bisnor-10a-cholest-
13(17)en-6a-ol was assigned to compound 4. 
The oily compound 5 analyzed for €27^45^10 (positive BeUstein test), 
and gave in the ir spectrum bands at 3400 cm~^ (—OH) and 740 cm^^ (C—CI). 
The nmr spectrum had two broad multiplets equivalent to one proton each 
at 6 3.53 (JFi/a = 9 Hz) and 6 3.36 (IFVa = ^ Hz) for the equatorial 6-H and 
3-H, respectively. The hydroxyl proton appeared at 6 2.63 (exchangeable 
with deuterium) as a singlet, and other methyl signals were observed at 
6 0.96,0.85 and 0.82. On the basis of these spectral data the structure of 
3/5-chloro-5/?-methyl-19-nor-cholest-9(10)-en-6«-oI was assigned to the com-
pound 5. 
Compound 6 analyzed for C^^H^gClFO (positive Beilstein test). In the 
ir spectrum bands at 3400 c m - S 745 cm'^ and 1060 cm-i^ indicated the 
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presence of hydroxyl and halogen functions, and rO —F coupling, respectively. 
The nmr spectrum had a multiplet at S4.2 {W /^2 = 4 Hz) for equatorial 6-H. 
The 6-H appeared as a multiplet because of the vicinal coupling of the two 
7-H protons and geminal coupling of C6-H—F. A broad multiplet at d 3.83 
{W^J2 = 17 Hz) integrated for one proton as axial 3-H, therefore the A/B 
ring junction is trans [9]. A singlet at 62.63 (exchangeable with deuterium) 
was assigned to the hydroxyl proton. The angular methyl protons were 
observed at 6 1.01 {CH3-I9), 0.66 (CH3-I8) and the side chain methyl protons 
at 0.93, 0.85, and 0.82. These spectral data confirm the structure of com-
pound 6 as 3/S-chloro-6/?-fluoro-5a-chole8tan-5a-ol. 
Under similar reaction conditions the epoxide 2 gave 3jS-acetoxy-5a-
stigmastan-6-one (7) (m.p. 120—122 °C), 3/?-acetoxy-5/3,14/?-dimethyl-18,19-
bisnor-10a-stigma8t-13(17)-en-6a-ol (8) (an oil), 3/S-acetoxy-5/?-methyl-19-nor-
stigmaBt-9(10)-en-6a-ol (9) (m.p. 170 °C), and 3/S-acetoxy-6/?-fluoro-5a-stig-
mast-5a-ol (10) (an oil). The structures of these compounds were comparable 
with those of compounds 3, 4, 5, 6 obtained from the epoxide 1, and were 
confirmed on the basis of their spectral data. 
Experimental 
M.p.'s are uncorrected. The ir spectra were obtained in Nujol with a Perkin-Elmer 237 
spectrophotometer. ' H nmr spectra were run in CDCI3 on a Varian A-60D inst rument with 
McjSi as internal standard. Light petroleum refers to a fraction of b .p . 60 — 80 °C. ^H nmr 
values are given in ppm (s = singlet, d = doublet, br = broad, m = multiplet). 
Reaction of (1) with BF3 : etherate 
3^-ChlorO-5,6a-epoxy-5a-cholestane (1) (4 g) in benzene (280 mL) was treated with 
BF3 : etherate (4 mL) and kept a t 20 °C for 7 min. The solution was poured into 5 % NaHCOa 
solution and the mixture was diluted with ether and washed with water. The ethereal solution 
was dried over NajSOj. Evaporation of the solvent left an oil t ha t was chromatographed on 
a silica gel column (80 g). Elution with light petroleum and ether (45 : 1) gave 3. I t was recrys-
tallized from methanol to give (0.4 g of the product, m.p. 128—129 °C (lit. [6] m.p. 128 °C). 
Further elution with a 15 : 1 mixture of light petroleum and ether yielded 4 as a non-
crystallizable oil (0.5 g). 
C J T H ^ C I O . Calcd. C 77.01; H 10.78. Found C 76.99; H 10.77%. 
Continuing the elution with a 10 : 1 mixture of light petroleum and ether furnished 
the non-crystallizable oil 5 (0.45 g). 
Cj,H„C10. Calcd. C 77.01; H 10.78. Found C 76.99; H 10.77%. 
Fur ther elution with a 1 : 1 mixture of light petroleum and ether yielded 6, which was 
recrygtaUized from methanol to give 0.5 g of the pure product, m.p. 118 °C. 
CjjH^eClFO. Calcd. C 73.52; H 10.52. Found C 73.51; H 10.51<"o. 
Reaction of (2) with BF3 : etherate 
Under similar reaction conditions 3;8-acetoxy-5,6a-epoxy-5a-stigmastane (2) gave 7, 
8, 9 and 10. The same amounts of reactants were used and the oily residue obtained was 
chromatographed on silica gel. Elution with light petroleum and ether (25 : 1) gave 7, which 
was recrystallized from petroleum ether to give the pure product (0.6 g), m.p.120 —122 °C. 
Ada Chim. Hung. 127, 1990 
8 6 SHAFIULLAH, JAMALUDDIN: REACTION WITH BFj : ETHERATE 
Ir : 1730, 1240 ( - O - C - C H 3 ) , 1705 cm-» ( > C = 0 ) . 
Nmr: d 5.1 (m, I H , Tf^j^ = 17 Hz, 3-H); 2.01 (s, 3H, CH3COO), 0.93, 0.83, 0.73, 0.63 
(methyl protons). 
C31H5JO3. Calcd. C 78.76; H 11.08. Found C 78.74; H 11.09%. 
Elntion with a mixture of light petroleum and ether (10 : 1) furnished 8, a non-crystal-
lizable oil (0.4 g). O 
I r : 3400 (OH), 1725, 1240 c m - i ( - O - C - C H 3 ) . 
Nmr: 6 5.06 (br m, I E , JT'/j = 8 Hz, 3-H), 3.48 (OH, exchangeable with deuterium) 
3.23 (br m, I H , mit = 9 Hz; 6-H), 2.45 (m, I H , 20-H), 2.01 (s, CH3COO), 1.12 (9, 3H, 5^-CH3), 
0.93 (s, 3H, I4/S-CH3), 0.86, 0.82 (other methyl protons). 
CajHsjOj. Calcd. C 78.76; H 11.08. Found C 78.74; H 11.09%. 
Fur ther elution with a mixture of light petroleum and ether (5 : 1) yielded 9, which 
was recrystallized from methanol; 0.5 g, m.p. 170 °C. 
O 
II 
I r : 3400 ( - 0 H ) , 1730, 1240 c m - i ( - O - C - C H 3 ) . 
Nmr: d 5.01 (br m, I H , IFVs = 8 Hz; 3-H), 3.48 (OH, exchangeable with deuterium), 
3.23 (br m, I H , JF'/j = 9 Hz; 6-H), 2.01 (s, CH3COO), 1.12 (s, 3H, 5j3-CH3), 0.78 (s, 3H, 
I3/3-CH3), 0.92, 0.86, 0.82 (other methyl protons). 
C3iH5j03. Calcd. C 78.76; H 11.08. Found C 78.74; H 11.09%. 
Further elution with a mixture of light petroleum ether and ether (1 : 1) gave 10 as 
an oil (0.5 g). I t had positive Beilstein test. 
O 
II 
I r : 3400 (OH), 1730, 1240 ( - O - C - C H 3 ) , 740 ( C - F ) and 1060 c m - i ( i - O - F coupling). 
Nmr: d 5.1 (br m, I H , W^/^ = 17 Hz; 3-H), 4.2 (m, I H , ir»/ , = 4 Hz; 6-H), 3.48 ( - 0 H , 
exchangeable with deuterium), 2.01 (s, CH3COO), 0.93 (s, 3H, CH3-I9), 0.63 (s, 3H, CH3-I8), 
0.83, 0.73 (other methyl protons). 
C31HJ3FO3. Calcd. C 75.57; H 10.85. Found C 75.56; H 10.84%. 
The authors are grateful to Prof. M. S. Ahmad and Prof. S. M. Osman, Chaiiman, 
Depar tment of Chemistry, for research faciUties and encouragement. 
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Reaction of 5,6a-epoxy-5a-cholestane (1), its 
3P-chloro (2), 3P-acetoxy (3) and 3p-hydroxy (4) 
analogues with thioglycoiic acid affords hydroxy formates 
(5-8) along with the diols (9-12) The structures of these 
products have been established on the basis of their 
analytical and spectral data. The structure ofcompound 6 
was further supported by Us X-ray analysis. 
Steroidal skeleton containing fused heterocyclic 
system have received much attention during the last 
few years primarily owing to various biological 
activities associated with such frameworks. In 
connection with our programme'"^ to synthesize 
these heterosteroids we have carried out the reaction 
of steroidal epoxides with thioglycoiic acid. 
5,6a-Epoxy-5a-cholestane (1)*, its 3p-chloro (2)\ 
3P-acetoxy (3)* and 3p-hydroxy (4)'' analogues on 
treatment with thioglycoiic acid in DMF (using LiBr 
as a catalyst) furnished 6P-formyloxy-5a-cholestan-
5-ol (5), its 3P-chIoro (6), 3p-acetoxy (7) and 
33-hydroxy (8) analogues along with the respective 
:CJ 
H6 1 
O M 
( 9 ) H 
d o ) CI 
(11 ) OAc 
(12) OH 
diols (9-12). The structures of these products were 
supported by their elemental analyses and spectral 
data (IR, 'HNMR,'3CNMR, mass). Theslniclure 
ofcompound 6 (cf. Fig. 1) was further supported by its 
X-ray diffraction pattern (Monoclinit, 'i))dce group 
P2,,a= 18.561 (2) A, b = 9.6233 (8), c 7.K3()0(I),V 
= 1399.65 A«^Z = 2, Dx = l.33g/cm', R - 0.0970, 
number of reflections u,sed = 2346; rncasuremeni 
Riga Ku AFC-4, program system: UNIC'S 111; solved 
using MULTAN 78; refinement: block-diagonal 
least squares. Hydrogen atom coordmates were 
calculated assuming ideal geometry and were 
included in the refinement with isotropic temperature 
factors). The formation of 6p-formyloxy products 
5-8 was explained by a mechanism shown in Scheme 
1. 
In order to rule out the possibility of formation of 
hydroxy formates mediated by the solvent DMl\ wc 
also carried out the reaction only in DMF (without 
usmg thioglycoiic acid) under similar conditions, and 
obtained unreacted epoxides in almost quantitative 
yields. 
Fig, J —Prospective drawing of compound 6 viewed along the carbonyl group 
tDedicated to the CDRl, Lucknow on its 40th anniversary 
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Experimental 
All melting points are uncorrected The IR spectra 
were recorded in KBr using a JASCO A-lOO 
spectrometer, NMR spectra run in CDClj on a 
Vanan XL-400 spectrometer with TMS as an 
internal standard and the mass spectra on a Jeol 
JMS-DX 300 spectrometer. 
Reaction of epoxides 1-4 with thioglycolic acid 
General procedure 
Toa stirred solution of the epoxide (2g, 5 ! mmoli-) 
in dry DMF (20 mi) were added lithium bromide 
(catalytic amount) and dry thioglycolic acid 
(cquimolar) and the stirring continued for 12 hr at 
60-80°. The solvent was evaporated under reduced 
pressure, the residue extracted with ether, the organic 
layer washed with water, aq. NaHCOs (5%) and 
finally with water and dried (Na2S04). Evaporation 
of the solvent left an oil which was chromatographed 
on a silica gel column (40 g) 
The above reaction earned out with the epoxide 1* 
furnished 6P-formyloxy-5a-cholestan-5-ol (5) on 
elution with pet ether-ether (25'1) It was 
crystallized from light petroleum as needles (Ig, 2 3 
mmole, 44.84%), m.p. 121° (Found- C, 77.7, H, 11.10 
C2«H4(,03 requires C, 77 8; H, 11.1 %); IR (KBr)- 3450 
(OH), 1700 c m ' ' (acidic CO), PMR (400 MHz) 
(CDCI3): 5 8 10 (1H, s, COOH), 4 76 (1H, s, C6a-H), 
0 93, 0 73 and 0 85 (each, s, angular and side chain 
methyl protons), " C NMR (CDCh). 5 160.569 
(COOH);MS:M/z432(M* ) 5a-Cholestanc-5,6p-
diol (9) was obtained by eluling the column with pet 
ether-ether (I I) Ft was recrystalli/ed from pet. ether 
(0 630 g. 1 55 mmole, 30.14%), m p 122-123° (lit.", 
mp 125-27°). 
The epoxide 2 afforded 3p-chIoro-6P-formyloxy-
5o(-cholestan-5-ol (6) which crystallized from pet. 
ether(1 2 g, 2.57 mmole, 54 29%), m p. 152°(Pound 
C, 72 0, H, 110 C.HH47CIO, requires C, 72 0, H. 
10 !%),lR(KBr):3430(-OU). 1700(COOH), 740 
- T ^ cm-'(C-Cl),PMR(400MHz)(CDCh)-8 8 1()(IH, 
COOH),4.80(lH,s,C6a-}l),4 32(!H,m,Wl - 17 
H/, C3Q(-H); 0.96,0.73,0.86 and 0.80 (each s, methyl 
protons); '^C NMR (CDCI3). 6 160 342 {( OOH). 
MS: M/z 466 (U*.). 2 also allorded 
3p-chloro-5a-choleslane-5,6p-diol (10) (0.580 g, 
1 32 mmole, 27.88%), m.p 126° (lit \ m p 125°) 
The epoxide 3* furnished 3p-acetoxy-6P-formyl-
oxy-5a-cbolestane-5-ol (7), which was crystallized 
from pet ether (1.250 g, 2.55 mmole, 56 81 %), m p 
160° (Found-C, 73.5, H, 10.2 C,oH5o05 requires C, 
73.5; H, 10.2%); IR (KBr): 3420 (OH), 1720 (ester), 
1710(COOH);PMR(400MHz)(CDCl3)-h8 10(1 H, 
s, COOH), 5 12(lH,m,Wl = 17 Hz, C3a-H),4 80 
(IH, s, C6a-H); '^C NMR (CDCI,) 6 170 917 
(COOCH3); 160.417 (COOH), MS M/z 490 (M\ ) , 3 
also gave 3P-acetoxy-5a-cholestane-5,6p-diol (11) 
(0.568 g, 1,22 mmole, 27.30%) m.p. 208° (lit ^ m.p 
208°) 
The epoxide 4P afforded 3p-hydroxy-6P-rormylo-
xy-5a-choIestan-5-ol (8) as a solid which was 
recrystallized from pet ether (1.152 g, 2.57 mmole. 
51 8%),mp 110°(Found-C,74 9;H, 10 5 C:KII,KO, 
requiresC,75 0;H, 10 7%);IR(KBr) 3400( -OH). 
I7(K)(COOH),PMR(400MH/)(CDC10 68 10(IH. 
s, COOH), 5.21 (IH, m, Wl 17 Hz, C37-H) 4 8 
(IH, s, C6a-H), '^C NMR (CDCI3): 5 160 439 
(COOH); MS: M/z 458 (M^) 4 also gave 
3P-hydroxy-5a-cholestane-5.6P-diol (12) as .1 
solid, which recrystallized from methanol (0 5.'8 ^ .' 
1.02 mmole, 25.38%), m p. 244° (lit \ m p 2M°\ 
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